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(g) Peptldyl derivatives as inhibitors of interieukin-1B converting enzyme. 

@ Novel peptidyi derivatives of formula I are found to be potent inhibitors of interleukirvl 8 convertino 
52^5% ^ mp ° Un w dS ? f * mwjla 1 mfl y * useftjI in the ^tment of inflammatory oMmmuTS 
tZ Zl Bn i a,rwayS: . C8ntral nervous ^ tom and surrounding membranes; the eyeTand 

and connect,ve tissues : cardiovascular system including the pericardium- the 
g^trointestinal and urogenital systems; the skin and mucosal membranes. C^mpou^sTfolmula \ 
are also usefulin treating the complications of infection (e.g., gram negative shock) and Es in 
which IL 1 functions as an autocrine growth factor or as a mediator of cachexia 
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BACKGROUND OF THE INVENTION 



This invention relates to substituted peptidyl derivatives useful in the treatment of inflammation in lung, cen- 
tral nervous system, kidney, joints, endocardium, pericardium, eyes, ears, skin, gastrointestinal tract and uro- 
genital system. More particularly, this invention relates to substituted peptidyl lactones and open forms thereof 
that are useful inhibitors of interleukin-1 p converting enzyme (ICE). Interleukin-1p converting enzyme (ICE) 
has been identified as the enzyme responsible for converting precursor interleukin-1 B (IL-18) to biologically 
active IL-1B. 

Mammalian interleukin-1 (IL-1) is an immunoregulatory protein secreted by cell types as part of the inflam- 
matory response. The primary cell type responsible for IL-1 production is the peripheral blood monocyte. Other 
cell types have also been described as releasing or containing IL-1 or IL-1 like molecules. These include epi- 
thelial cells (Luger, et al., J. Immunol. 127: 1493-1498 (1981), Le et al.. J. Immunol. 138: 2520-2526 (1987) 
and Lovett and Larsen, J. Clin. Invest 82: 115-122 (1988). connective tissue cells (Ollivierre et al.. Biochem 
Biophys. Res. Comm. 141: 904-911 (1986), Leetal, J. Immunol. 138:2520-2526(1987), cells of neuronal origin 
(Giulian et al., J. Esp. Med. 164: 594-604 (1986) and leukocytes (Pistoia et al., J. Immunol. 136- 1688-1692 
(1986), Acres et al., Mol. Immune 24: 479-485 (1987), Acres et al., J. Immunol. 138: 2132-2136 (1987) and 
Lindenmann et al., J. Immunol 140: 837-839 (1988). 

Biologically active IL-1 exists in two distinct forms. IL-1 a with an isoelectric point of about pi 5.2 and IL-1 B 
with an isoeleclric point of about 7.0 with both forms having a molecular mass of about 17.500 (Bayne et al 
J. Esp. Med. 163: 1267-1280 (1986) and Schmidt J- Esp. Med. 160: 772 (1984). The polypeptides appeared 
lutionanly conserved, showing about 27-33% homology at the amino acid level (Clark et al.. Nucleic Acids Res 
14: 7897-7914 (1986). 

Mammalian IL-ip is synthesized as a cell associated precursor polypeptide with a molecular mass of about 
31 .4 kDa (Limjuco et al.. Proc. Natl. Acad. Sci USA 83: 3972-3976 (1 986). Precursor lt-ip is unable to bind to 
IL-1 receptors and is biologically inactive (Mosley et al.. J. Bid. Chem. 262: 2941-2944 (1987). Biological ac- 
tivity appears dependent upon some form of proteolytic processing which results in the conversion of the pre- 
cursor 31.5 kDa form to the mature 17.5 kDa form. Evidence is growing that by inhibiting the conversion of 
precursor IL-1p to mature IL-ip, one can effectively inhibit the activity of interleukin-1. 

Mammalian cells capable of producing IL-ip include, but are not limited to. karatinocytes, endothelial cells 
mesangial cells, thymic epithelial cells, dermal fibroblasts, chondrocytes, astrocytes, glioma cells, mononu^ 
clear phagocytes, granulocytes, T and B lymphocytes and NK cells. 

As discussed by J. J. Oppenheim. et al. Immunology Today, vd. 7(2):45-56 (1986), the activities of inter- 
leukin-1 are many. It has been observed that catabolin, a factor that promotes degradation of cartilage matrix 
also exhibited the thymocyte comitogenic activities of IL-1 and stimulates chondrocytes to release cdlagenase 
neutral proteases and plasminogen activator. In addition, a plasma factor termed proteolysis indudng fador 
stimulates musde cells to produce prostaglandins which in turn leads to protedysis, the release of amino adds 
and. in the long run, musde wasting, and appears to represent a fragment of IL-1 with fever-indudng, acute 
phase response and thymocyte co-mitogenic activities. 

IL-1 has multiple effects on cells invdved in inflammation and wound healing. Subcutaneous injection of 
IL-1 leads to margination of neutrophils and maximal extravascular infiltration of the polymorphonuclear leu- 
kocytes (PMN). In vitro studies reveal IL-1 to be a chemotartic attractant for PMN to activate PMN to metabolize 
glucose more rapidly to reduce nitroblue tetrazdium and to release their lysozomal enzvnres. Endothelial cells 
are stimulated to proliferate by IL-1 to produce thromboxane, to become more adhesive and to release pro- 
coagulant adivity. IL-1 also enhances collagen type IV production by epidermal cells, induces osteoblast pro- 
liferation and alkaline phosphatase production and stimulates osteodasts to resorb bone. Even macrophages 
have been reported to be chemotacticaily attracted to IL-1 to produce prostaglandins in response to IL-1 and 
to exhibit a more prolonged and adive tumoricidal state. 

IL-1 is also a potent bone resorptive agent capable upon infusion into mice of causing hypercaleemia and 
mcreas in bone resorptive surface as revealed by his to morphometry Sabatini, M. et al.. PNAS 85: 5235-5239, 
1 988. 

Accordingly, disease states in which the ICE inhibitors of Formula I may be useful as therapeutic agents 
include, but are not limited to, infedious diseases where adive infedion exists at any body site, such as me- 
ningitis and salpingitis: complications of infections including septic shock, disseminated intravascular coagu- 
lation, and/or adult respiratory distress syndrome; acute or chronic inflammation due to antigen, antibody 
and/or complement deposition; inflammatory conditions induding arthritis, chdangitis, colitis, encephalitis eiv 
docaidrtis, glomerulonephritis, hepatitis, myocarditis, pancreatitis, pericarditis, reperfusion injury and vasculi- 
tis. Immune-based diseases which may be responsive to ICE inhibitors of Formula I include but are not limited 
to conditions invdving T-cells and/or macrophages such as acute and delayed hypersensitivity, graft rejedion 
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and graft-versus-host-disease; auto-immune diseases including Type I diabetes mellitus and multiple sclerosis. 
ICE inhibitors of Formula I may also be useful in the treatment of bone and cartilage resorption as well as dis- 
eases resulting in excessive deposition of extracellular matrix. Such diseases include periodonate diseases 
interstitial pulmonary fibrosis, cirrhosis, systemic sclerosis, and keloid formation. ICE inhibitors of Formula I 
5 may also be useful in treatment of certain tumors which produce IL 1 as an autocrine growth factor and in pre- 
venting the cachexia associated with certain tumors. 

SUMMARY OF THE INVENTION 

10 Novel peptidyl aldehydes, ring chain tautomers and hydrates thereof of formula I are found to be potent 
inhibitors of interleukin-ip converting enzyme (ICE). Compounds of formula I are useful in the treatment of 
deseases including inflammation in lung, central nervous system, kidney, joints, endocardium, pericardium, 
eyes, ears, skin, gastrointestinal tract and urogenital system. 

15 DETAILED DESCRIPTION OF THE INVENTION 



The invention encompasses compounds of formula I. 



A i 

R, AA-, - AA 2 - AA 3 - N- Y 



or a pharmaceutical^ acceptable salt thereof thereof: wherein Y is: 



30 



OHR, 



or a or 

xrqaH 



35 



R 1 is 

(a) substituted C,_ 12 alkyl, wherein the substituent is selected from 
(1) hydrogen, 

*o (2) hydroxy, 

(3) halo, and 

(4) C^alkyicarbonyl; 

(b) aryl C^ alkyl wherein the aryl group is selected from the group consisting of: 

(I) phenyl, 
45 (2) naphthyl, 

(3) pyridyl, 

(4) furyl, 

(5) thienyl, 

(6) thiazolyf, 

50 (7) isothiazolyl, 

(8) imidazolyl, 

(9) benzimidazolyl, 

(10) pyrazinyl, 

(II) pyrimidyJ, 
55 (12) quinolyl, 

(13) isoquinolyl, 

(14) benzofuryl, 



3 
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(15) benzothienyl, 

(16) pyrazolyl, 

(17) indoiyl, 

(18) purinyl, 

(19) isoxazolyl, and 

(20) oxazolyi, 

and mono and di-substituted aryl as defined above in items (1) to (20) wherein the substituents are indepen- 
dently C^alkyf, halo, hydroxy, Chalky! amino, C^alkoxy, C^alkylthio, and C^alkylcarbonyl; 
R 2 is 

(a) H. 

(b) deuterium, 
(c) 

0 

-C-O-R3, 

wherein R 3 is 

(1) substituted C,_e alkyl, wherein the substituent is selected from 

(a) hydrogen, 

(b) hydroxy, 

(c) halo, and 

(d) C^e alkyl carbonyl, 

(2) aryl C,^ alkyl or substituted aryl alkyl as defined above, 

wherein the aryl may be mono and di-substituted the substituents being each independently C^aJkyf, halo, 

hydroxy, C^lkyl amino, C^alkoxy, C^lkylthio, and C^alkylcarbonyl; 

(d) 



3* 



(e) 



*4 

As 



-i-: 



wherein R4 and R5 are each individually selected from hydrogen, fluorine and hydroxy; 
Re is selected from the group consisting of 

(1) hydrogen, 

(2) fluorine, 

(3) substituted d_e alkyl wherein the substituent is selected from 

(a) hydrogen, 

(b) hydroxy, 

(c) halo, 

(d) C 1 ^ alkyicarbonyl, 

(4) aryl alkyl, 

wherein the alkyl is substituted with hydrogen, oxo, C,^ alkyl, halo or hydroxy, 

wherein aryl is defined as immediately above, and wherein the aryl may be mono and di-substituted the 
substituents being each independently C^alkyl, halo, hydroxy, C^alkyl amino, C^lkoxy, C^alkylthio 
and C^alkylcarbonyl; 

(5) C,_e alkyl amino carbonyl C,^ alkyl or C,^ alkyl carbonyl amino C M alkyl, 



I 
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(6) aryl amino carbonyl alkyl or aryi carbonyl amino C,.« alkyl, 

wherein aryl is defined as immediately above, and wherein the aryl may be mono and dhsubstituted, the 
substituents being each independently C^alkyl, halo, hydroxy, Chalky! amino, C^lkoxy, C^alkylthio, 
and C^alkylcarbonyi; 

5 (7) aryl alkyl amino carbonyl C M alkyl or aryl alkyl carbonyl amino alkyl, 

wherein aryl is defined as immediately above, and wherein the aryl may be mono and dhsubstituted the 
substituents being each independently C^alkyi, halo, hydroxy, Chalky! amino, C^lkoxy, C^alkylthio, 
and C^alkylcarbonyi; 

1Q R i0 and R 1t are each independently 

(a) hydrogen, 

(b) C^ alkyl, 

(c) aryl alkyl, wherein the aryl group Is selected from the group consisting of: 

(I) phenyl, 
f5 (2) naphthyl, 

(3) pyridyl, 

(4) furyl, 

(5) thienyt, 

(6) thiazolyl, 
n (7) isothiazolyl, 

(8) imidazolyl, 

(9) benz imidazolyl, 

(10) pyrazlnyl, 

(II) pyrimidyl, 
25 (12) quinolyl, 

(13) isoquinolyl, 

(14) benzofuryf, 

(15) benzothienyl, 

(16) pyrazoiyl, 
a, (17) indolyl, 

(18) purinyl, 

(19) isoxazolyl, and 

(20) oxazolyl, 

and mono and di-substituted aryl as defined above in items (1) to (20) wherein the substitutents are indepen- 
35 dently C^alkyl, halo, hydroxy, Chalky! amino, C^alkoxy, C^alkylthio. and C^alkylcarbonyl, or 
Rio and R tl are joined together to form a ring of 5 to 7 carbon atoms, said ring having 2 heteroatoms; 
AA, is independently selected from the group consisting of 

(a) a single bond, and 

(b) an amino acid of formula Al 

40 



H O 

wherein R 7 is selected from the group consisting of: 
50 (a) hydrogen, 

(b) substituted C t _« alkyl, wherein the substituent is selected from 

(1) hydrogen, 

(2) hydroxy, 

(3) halo, 

55 (4)-S-d^alkyl 

(5) -SH 

(6) alkylcarbonyl, 

(7) carboxy, 



5 
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(9) amino carbonyl amino, 

(10) alkylamino, wherein the alkyl moiety is substituted with hydrogen or hydroxy, and the amino 
is substituted with hydrogen or CBZ, 

(11) guanidino, and 
(c) aryl alkyl, 

wherein aryl is defined as immediately above, and wherein the aryl may be mono and di-substituted, the sub- 
stituents being each independently C^lkyl, halo, hydroxy, C^lkyl amino, C^alkoxy, C^lkylthio, and C^al- 
kyi carbonyl. 

AA 2 is independently selected from the group consisting of 

(a) a single bond, and 

(b) an amino acid of formula All 



wherein Re and Rg are each independently selected from the group consisting of 

(a) hydrogen, 

(b) substituted alkyl, wherein the substituent is selected from 

(1) hydrogen; 

(2) hydroxy, 

(3) halo, 

(4) -S-C^ alkyl 

(5) -SH 

(6) alkyicarbonyl, 

(7) carboxy, 
(8) 



(9) amino carbonyl amino, 

(10) alkylamino, wherein the alkyl moiety is substituted with hydrogen or hydroxy, and the amino 
is substituted with hydrogen or CBZ, 




AA3, which are each independently selected from the group consisting of 

(a) a single bond, and 

(b) an amino acid of formula Alii 




0 

-&NH2, 
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(11) guanidino, and 
(c)aryl alkyl, 

wherein aryi Is defined as immediately above, and wherein the aryl may be mono and di-substituted the sub- 
stituents being each independently C^alkyl. halo, hydroxy, C„alkyl amino, C^alkoxy, C^alkyithio, and C,^al- 
kyicarbonyl. 

One class of this genus is the compounds wherein: 
Ri is 

(a) substituted alkyl, wherein the substituent is selected from 

(1) hydrogen, 

(2) hydroxy, 

(3) chloro or f luoro, and 

(b) aryl alkyl wherein the aryl group is selected from the group consisting of 

(1) phenyl, 

(2) naphthyJ, 

(3) pyridyl, 

(4) furyl, 

(5) thienyf, 

(6) thiazolyl, 

(7) isothiazolyl, 

(8) benzofuryi, 

(9) benzothienyi, 

(10) indolyi, 

(11) isooxazolyl, and 

(12) oxazolyi, 

and mono and di-substituted Ce_ 10 ary1 as defined above in items (1) to (12) wherein the substitutents are in- 
dependently C^alkyi, halo, and hydroxy; 
R 2 is 

(a) H, 

(b) deuterium, 
(c) 



*4 
*5 



-A" 



wherein R4 and R« are each individually selected from hydrogen, fluorine and hydroxy; 
Re is selected from the group consisting of 

(1) hydrogen, 

(2) fluorine, 

(3) substituted alkyl wherein the substituent is selected from 

(a) hydrogen, 

(b) hydroxy, 

(c) halo, 

(d) alkylcarbonyl, 

(4) aryl C,_« alkyl, 

wherein the alkyl is substituted with hydrogen, oxo, alkyl, halo or hydroxy, 
wherein aryl is defined as immediately above, and wherein the aryl may be mono and di-substituted 
thesubstituents being each independently C^alkyl, halo; hydroxy, C^alkyl amino, C^alkoxy C^al- 
kylthio, and C^lkylcarbonyl; 

(5) alkyl amino carbonyl alkyl or alkyl carbonyl amino alkyl, 

(6) aryl amino carbonyl C1-6 alkyl or aryl carbonyl amino C1 -6 alkyl, 

wherein aryl is defined as immediately above, and wherein the aryl may be mono and di-substituted 
the substituents being each independently C^alkyl, halo, hydroxy, Chalky! amino, C^alkoxy, Cu* 
kylthio, and C^lkylcarbonyl; . 
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(7) aryl C 1j6 alkyl amino carbonyl alkyi or aryl alkyl carbonyl amino C,_« alky!, 
wherein aryl is defined as immediately above, and wherein the aryl may be mono and di-substituted, the sub- 
stituents being each independently d^akyl, halo, hydroxy, Chalky! amino, C^alkoxy, C^alkylthk), and C^al- 
kyl carbonyl; 

R 10 and R 1t are each independently hydrogen or C,_3 alkyl; 
AAi is independently selected from the group consisting of 

(a) a single bond, and 

(b) an amino acid of formula Al 




wherein R 7 is aryl alkyl 

wherein aryl is defined as immediately above, and wherein the aryl may be mono and di-substituted, the sub- 
strtuents being each independently C^lkyt, halo; hydroxy, C^alkyl amino, C^lkoxy, Ct^lkylthto, and C^al- 
kyl carbonyl; 

AA 2 is independently selected from the group consisting of 

(a) a single bond, and 

(b) an amino acid of formula All 




AA 3 , which are each independently selected from the group consisting of 

(a) a single bond, and 

(b) an amino acid of formula All! 




wherein Re and R 9 are each independently selected from the group consisting of 

(a) hydrogen, 

(b) alkyl, wherein the substituent is selected from 

(1) hydrogen, 

(2) hydroxy, 

(3) halo, 

(4) -S-C^ alkyl 

(5) -SH 

(6) alkylcarbonyl, 

(7) carboxy, 
(8) 
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-CNH2, 

5 (9) alkylamino, and alkyl amino wherein the alkyl moeity is substituted whith an hydroxy, and 

(10)guanidino, and 
(c) aryl alkyl, 

wherein aryl is defined as immediately above, and wherein the aryl may be mono and di-substituted the sub- 
stituents being each independently C^alkyl, halo, hydroxy, C^alkyl amino, C^alkoxy, C^lkylthk). and C«al- 
10 kylcarbonyi. 

Within this class are the compounds wherein AA1, AA2 and AA3, are each independently selected from 
the group consisting of the L- and D- forms of the amino acids including glycine, alanine, valine, leucine iso- 
leucine, serine, threonine, aspartic acid, asparagine, glutamic acid, glutamine, lysine, hydroxy-lysine, histkJine 
argmine, phenylalanine, tyrosine, tryptophan, cysteine, methionine, ornithine, ^alanine, homoserine, homo^ 
tyrosine, homophenyialanine and citrulline. 

Alternatively, within this class are the subclass of compounds wherein 
R, is C^alkyl; 



15 



20 



25 



30 



40 



45 



50 



R 2 is hydrogen, deuterium or 



K 4 
*5 



and 

Ra and R© are each individually 

(a) hydrogen, 

(b) C^alkyl, 

(c) mercapto C^alkyf, 

(d) hydroxy C^alkyl, 

(e) carboxy d^alkyl, 

(g) aminocarbonyl C^alkyl, 
35 (h) mono- or di-C^alkyl amino C^alkyl, 
(i) guanidino C^lkyl, 

0) amino-C^alkyl or N-substituted amino-C^lkyl wherein the substituent is carbobenzoxy, 
(k) carbamyi C^alkyi, or 

(I) aryl C^lky!, wherein the aryl group is selected from phenyl and indolyl, and the aryl group may be 
substituted with hydroxy, C« alkyl. 
Within this sub-class are the compounds wherein: 
Ri is methyl; 
R 2 is hydrogen; 
Re is Chalky); and 
Rgis 

(a) hydrogen, 

(b) C^alkyl, 

(d) benzyl, 

(e) p-hydroxy-benzyl, 

(f) N-carbobenzoxy-amino-(n-butyl), 

(g) carbamylmethyl, 

(h) carbamylethyl, 

(i) indol-2-yl-methyi, 

M 0) substituted phenyl C^alkyl, wherein the substituent is hydrogen, hydroxy, carboxy, or C^alkyl, 

(k) substituted indolyl C^alkyi, wherein the substituent is hydrogen, hydroxy, carboxy, or C^alkyl or 
(I) substituted imidazole C^lkyl wherein the substituent is hydrogen, hydroxy, carboxy, or C^alkyl. 
Exemplifying the invention are the following compounds: 
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(a) N-(N-Acetyl-ty^ add; 

(b) N-(N-Acetyi-tyrosinyl-valinyf-e-CB2^ysinyl>.3-amino^oxobutanoic acid; 

(c) N-(N-Acetyl-tyrosinyl-valm^^ 

or a ring chain tautomer or hydrate thereof. 

For purposes of this specification the above description for the compounds which explicitly correspond to 
the following equilibrium form of Y 



This invention also concerns to pharmaceutical composition and methods of treatment of interieukin-1 and 
interleukin-10 mediated or implicated disorders or diseases (as described above) in a patient (including man 
and/or mammalian animals raised in the dairy, meat, or fur industries or as pets) in need of such treatment com- 
prising administration of interleukin-10 inhibitors of formula (I) as the active constituents. 

Illustrative of these aspects, this invention concerns pharmaceutical compositions and methods of treat- 
ment of diseases selected from septic shock, allograft rejection, inflammatory bowel disease and rheumatoid 
arthritis in a patient in need of such treatment comprising: 

administration of an interleukin-1 p inhibitor of formula (I) as the active constituent. 

Compounds of the instant invention are conveniently prepared using the procedures described generally 
below and more explicitly described in the Example section thereafter. 




are intended to include the following equilibrium forms as well: 




OH R 2 R io° ° R 11 
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Scheme I 



10 



N^XOjH IBCF < N»BH 4 
| NMM* 

' ^CO^Bu 




OH 



H ^CO^Bu 

DMSO/(COO)/TEA 



CHjOHCHfOCH,), 
T»OH 



15 



OCH 3 



20 



25 



30 



35 



40 



45 




OCK, 



V CO,pBu 




VI 



TFA 



IX 



HCl'HjO 



50 



55 



The reactions of Scheme I proceed as follows. A mixed anhydride of allyioxycarbonyl (Ailoc)-(S)-aspartic 
acid 0-t-butyl ester with isobutylchioroformate (IBCF) is formed in the presence of N-methylmorpholine (NMM). 
This anhydride is reduced to the corresponding alcohol II using sodium borohydride at 0°C in a solvent of 4:1 
tetrahydrofuran (THF):methanol. The alcohol II is then oxidized using dimethyl sulfoxide (DMSO), oxallyl chlor- 
ide, and diethyl amine to the corresponding aldehyde which is protected as the dimethyl acetal using methanol, 
trimethyl orthoformate and p-toluenesulfonic acid to afford III. The Alloc protecting group is then removed with 
tetrakis triphenylphosphine palladium in the presence of morpholine to afford amine IV. This amine is then cou- 
pled to the tripeptide, N-acety1-(S)-tyrosinyl-(S)-valinyl-(S)-alanine using dicyclohexyi carbodiimide (DCC) in 
the presence of hydroxybenzotriazole (HOBt), and NMM to afford VI. The t-butyi ester is then removed with 

11 
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neat TFA (trifiuoroacetic acid) to provide the cyclic O-methylacylal VII. The final hydrolysis is accomplished 
with dQute hydrochloric acid in 1:1 watenmethanol to give VIII. In addition, VI can be saponified with LiOH to 
give the dimethyl acetal IX. 



Scheme II 




XVIII 



Structures such as XVIII can be prepared as shown in scheme II. N-CBZ-Aspartic acid 0-methyl ester can 

12 



EP0519 748A2 



be treated with i-butylchloroformate in the presence of N-methytmorpholine (NMM) followed by diazomethane 
to afford diazomethylketone XI. Treatment of XI with hydrochloric acid gives chloromethylketone XII, which can 
be used to alkylate the sodium salt of di-t-butyl malonate to give ketodiester XIII. The t-buty) groups can be 
removed with trifluoro acetic add and the resultant dicarboxylic acid can be decarboxylated in hot pyridine to 

5 afford keto acid XIV. Acid XIV can then be coupled to benzyl amine using ethyldimethyiaminopropyt carbodii- 
mide in the presence of hydroxybenzotriazole (HOBt) to afford amide XV. Removal of the CB2 group is accom- 
plished with hydrogen in the presence of 10% palladium on carbon to give amine XVI. This amine can then be 
coupled to N-acetyltyrosinyl-valinyl-alanine using dicyclohexyl carbodiimide in the presence of HOBt to afford 
XVII. Final deprotection of the carboxylic acid can be accomplished with lithium hydroxide to afford the desired 

10 ICE inhibitor XVIII. 

The compounds of the instant invention of the formula (I), as represented in the Examples hereinunder 
shown to exhibit in vitro inhibitory activities with respect to interleukin-10. As a class, these compounds have 
been shown to inhibit inter leukin- 10 converting enzyme from cleaving precursor interleukin-1 0 as to form active 
interleukin-10 at a Ki of less than 1 uM. 

15 



20 



25 



30 



35 



40 



45 



50 



55 
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Scheme III 



10 



15 



20 



25 



30 



35 



40 



45 



ssssssar 1 "* 

3) TFA 



H Ofin 

Vri 




BOC-Val-Ata 
2) EDCVHOBt 



>r n 



OBn 




1) TFA 

2) R-PhCH,CH a C0,H/EDC/HOBl 




CO2H 



R-H.OH 



The reactions of scheme III proceed as follows. N-Allyloxycart)onyl-3-amino-4-hydroxy-butanoic acid tert- 
butyl ester can be oxidized to the corresponding aldehyde using DMSO, oxalyl chloride and Hunig's base (5Tl- 
sopropyiethylamine). The aldehyde is not isolated, but converted to the O-benzylacylal by treatment with benzyl 
alcohol and 3A molecular sieves in the presence of a catalytic amount of e-toluene sulfonic acid followed by 
treatment with TFA (trifluoroacetic acid). The alloc protecting group is removed in the presence of BOCVal- 
Ala using tributyltin hydride and (PPh 3 ) 2 PdCI 2 . Coupling is then effected in the same flask using EDC and HOBL 
The t-butoxycarbonyl protecting group is then removed with TFA and the resulting salt coupled to either 3-phe- 
nylpropionic acid or 3-(4-phydroxyphenyl)-propionic acid using EDC, HOBt and 4-methytmorpholine. The ben- 
zyl protecting group is then removed by hydrogenolysis using Pd(OH>2 on carbon as a catalyst. 
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Scheme V 
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55 The ketones shown in Scheme IV can be prepared as follows. 3-Allyloxycarbonylatnino-4-hydroxy butanolc 
acid t-butyl ester can be oxidized using DMSO, oxallyl chloride, and either triethyt amine or Hunig's base to 
form the corresponding aldehyde. Grigniard reagents can then be added to the aldehyde to afford the second- 
ary alcohol which can then be oxidized to the corresponding ketone using DMSO, oxallyl chloride, and Methyl 
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amine, or pyridinium dichromate, or Dess-Martin periodinane. The alloc protecting group can then be removed 
with palladium(O) and tributyl tin hydride, and the resulting amine coupled to carboxylic acids EDC and HOBt 
Treatment with TFA gives the desired inhibitors. 

The hydroxy ketones shown in Scheme V can be prepared as follows. Enolization of 3-aIlyloxycarbonyia- 
mino-4-oxo-7-phenylheptanoic acid t-butyi ester with lithium hexamethyldisiiazide can be followed by treatment 
with N-phenyisulphonyl oxaziridine to give the corresponding hydroxyketone. The alloc protecting group can 
then be removed with palladium(O) and tributyl tin hydride, and the resulting amine coupled to carboxylic acids 
using EDC and HOBt Treatment with TFA gives the desired inhibitors. 

The example shown in scheme VI can be prepared as follows. Phenylpropyl bromide is treated with mag- 
nesium to form the Grigniard reagent followed by di-t-Butyloxalate to afford the corresponding a-ketoester. 
Treatment of the ester with DAST(Diethylamino Sulphurtrifluoride) followed by deprotection with TFA and treat- 
ment with oxalyt chloride affords the desired acid chloride. Aspartic acid p-t-butyl ester is acylated with biphe- 
nylcarbonyl chloride followed by treatment with EDC to afford the desired oxazalone. Treatment of this oxaz- 
alone with acid chloride I followed by decarboxylation with oxalic acid affords the desired drf luoroketone. Re- 
duction with sodium borohydride followed by removal of the biphenyl with sodium amalgum gives the amino 
alcohol. The amino alcohol is then acylated with phenylpropionyi-valinyl-alanine in the presence of EDC and 
HOBt and the resulting hydroxy amide oxidized to the dif luoroketone with Dess-Martin periodinane and depro- 
tected with TFA to afford the desired inhibitor. 

The compounds of the instant invention of the formula (I), as represented in the Examples hereinunder 
shown to exhibit in yjfro inhibitory activities with respect to interleukin-ip. As a class these compounds have 
been shown to inhibit interleukin-1 p converting enzyme from cleaving precusor interleukin-1 p as to form active 
interleukin-ip at a Ki of less than 1 uM. 



16 



EP 0 519 748 A2 



Scheme VI 
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Scheme VI (Cont.) 
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This invention also relates to a method of treatment for patients (including man and/or mammalian animate 
raised in the dairy, meat, or fur industries or as pets) suffering from disorders or diseases which can be attributed 
to IL-1/ICE as previously described, and more specifically, a method of treatment involving the administration 
of the IL-1/ICE inhibitors of formula (I) as the active constituents. 

Accordingly, disease states in which the ICE inhibitors of Formula I may be useful as therapeutic agents 
include, but are not limited to, infectious diseases where active infection exists at any body site, such as me- 
ningitis and salpingitis; complications of infections including septic shock, disseminated intravascular coagu- 
lation, and/or adult respiratory distress syndrome; acute or chronic inflammation dLj to antigen, antibody 
and/or complement deposition; inflammatory conditions including arthritis, cholangitis, colitis, encephalitis, erv 
docarditis, glomerulonephritis, hepatitis, myocarditis, pancreatitis, pericarditis, reperfusion injury and vasculi- 
tis. Immune-based diseases which may be responsive to ICE inhibitors of Formula I include but are not limited 
to conditions involving T-cells and/or macrophages such as acute and delayed hypersensitivity, graft rejection 
and graf t-versus-host-disease; auto-immune diseases including Type I diabetes mellitus and multiple sclerosis! 
ICE inhibitors of Formula I may also be useful in the treatment of bone and cartilage resorption as well as dis- 
eases resulting in excessive deposition of extracellular matrix such as interstitial pulmonary fibrosis, cirrhosis 
systemic sclerosis, and keloid formation. ICE inhibitors of Formula I may also be useful in treatment of certain 
tumors which produce IL 1 as an autocrine growth factor and in preventing the cachexia associated with certain 
tumors. 

For the treatment the above mentioned diseases, the compounds of formula (I) may be administered orally 
topically, parenteral^, by inhalation spray or rectally in dosage unit formulations containing conventional norv 
toxic pharmaceutical^ acceptable carriers, adjuvants and vehicles. The term parenteral as used herein in- 
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dudes subcutaneous injections, intravenous, intramuscular, intracisternal injection or infusion techniques. In 
addition to the treatment of warm-blooded animals such as mice, rats, horses, cattle, sheep, dogs, cats, etc., 
the compounds of the invention are effective in the treatment of humans. 

The pharmaceutical compositions containing the active ingredient may be in a form suitable for oral use, 
for example, as tablets, troches, lozenges, aqueous or oily suspensions, dispersible powders or granules, emul- 
sions, hard or soft capsules, or syrups or elixirs. Compositions intended for oral use may be prepared according 
to any method known to the art for the manufacture of pharmaceutical compositions and such compositions 
may contain one or more agents selected from the group consisting of sweetening agents, flavoring agents, 
coloring agents and preserving agents in order to provide pharmaceutical^ elegant and palatable preparations. 
Tablets contain the active ingredient in admixture with non-toxic pharmaceutical^ acceptable excipients which 
are suitable for the manufacture of tablets. These excipients may be for example, inert diluents, such as calcium 
carbonate, sodium carbonate, lactose, calcium phosphate or sodium phosphate; granulating and disintegrating 
agents, for example, corn starch, or alginic acid; binding agents, for example starch, gelatin or acacia, and lu- 
bricating agents, for example magnesium stearate, stearic acid or talc. The tablets may be uncoated or they 
may be coated by known techniques to delay disintegration and absorption in the gastrointestinal tract and 
thereby provide a sustained action over a longer period. For example, a time delay material such as glyceryl 
monostearate or glyceryl distearate may be employed. They may also be coated by the techniques described 
in the U.S. Patents 4,256,1 08; 4, 1 66,452; and 4,265,874 to form osmotic therapeutic tablets for control release. 

Formulations for oral use may also be presented as hard gelatin capsules wherein the active ingredient is 
mixed with an inert solid diluent, for example, calcium carbonate, calcium phosphate or kaolin, or as soft gelatin 
capsules wherein the active ingredient is mixed with water or an oil medium, for example peanut oil, liquid par- 
affin, or of ive oil. 

Aqueous suspensions contain the active materials in admixture with excipients suitable for the manufacture 
of aqueous suspensions. Such excipients are suspending agents, for example sodium carboxymethylcellulose, 
methylcellulose, hydroxy-propylmethylcellulose, sodium alginate, polyvinylpyrrolidone, gum tragacanth and 
gum acacia; dispersing or wetting agents may be a naturally-occurring phosphatide, for example lecithin, or 
condensation products of an alkylene oxide with fatty acids, for example polyoxyethylene stearate, or conden- 
sation products of ethylene oxide with long chain aliphatic alcohols, for example heptadecaethyl-eneoxyceta- 
nol, or condensation products of ethylene oxide with partial esters derived from fatty acids and a hexitol such 
as polyoxyethylene sorbitol monooleate, or condensation products of ethylene oxide with partial esters derived 
from fatty acids and hexitol anhydrides, for example polyethylene sorbitan monooleate. The aqueous suspen- 
sions may also contain one or more preservatives, for example ethyl, or n-propyl, p-hydroxybenzoate, one or 
more coloring agents, one or more flavoring agents, and one or more sweetening agents, such as sucrose or 
saccharin. 

Oily suspensions may be formulated by suspending the active ingredient in a vegetable oil, for example 
arachis oil, olive oil, sesame oil or coconut oil, or in a mineral oil such as liquid paraffin. The oily suspensions 
may contain a thickening agent, for example beeswax, hard paraffin or cetyl alcohol. Sweetening agents such 
as those set forth above, and flavoring agents may be added to provide a palatable oral preparation. These 
compositions may be preserved by the addition of an anti-oxidant such as ascorbic acid. 

Dispersible powders and granules suitable for preparation of an aqueous suspension by the addition of 
water provide the active ingredient in admixture with a dispersing or wetting agent, suspending agent and one 
or more preservatives. Suitable dispersing or wetting agents and suspending agents are exemplified by those 
already mentioned above. Additional excipients, for example sweetening, flavoring and coloring agents, may 
also be present. 

The pharmaceutical compositions of the invention may also be in the form of oil-in-water emulsions. The 
oily phase may be a vegetable oil, for example olive oil or arachis oil, or a mineral oil, for example liquid paraffin 
or mixtures of these. Suitable emulsifying agents may be naturally- occurring gums, for example gum acacia 
or gum tragacanth, naturally-occurring phosphatides, for example soy bean, lecithin, and esters or partial es- 
ters derived from fatty acids and hexitol anhydrides, for example sorbitan monooleate, and condensation prod- 
ucts of the said partial esters with ethylene oxide, for example polyoxyethylene sorbitan monooleate. The emul- 
sions may also contain sweetening and flavoring agents. 

Syrups and elixirs may be formulated with sweetening agents, for example glycerol, propylene glycol, sor- 
bitol or sucrose. Such formulations may also contain a demulcent, a preservative and flavoring and coloring 
agents. The pharmaceutical compositions may be in the form of a sterile injectable aqueous or oleagenous 
suspension. This suspension may be formulated according to the known art using those suitable dispersing 
or wetting agents and suspending agents which have been mentioned above. The sterile injectable preparation 
may also be a sterile injectable solution or suspension in a non-toxic parenterally-acceptable diluent or solvent, 
for example as a solution in 1 ,3-butane diol. Among the acceptable vehicles and solvents that may be employed 
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are water. Ringer's solution and isotonic sodium chloride solution. In addition, sterile, fixed oils are conven- 
tionally employed as a solvent or suspending medium. For this purpose any bland fixed oO may be employed 
including synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid find use in the preparation 
of injectables. 

The compounds of formula (I) may also be administered in the form of suppositories for rectal administra- 
tion of the drug. These compositions can be prepared by mixing the drug with a suitable non-irritating excipient 
which is solid at ordinary temperatures but liquid at the rectal temperature and will therefore melt in the rectum 
to release the drug. Such materials are cocoa butter and polyethylene glycols. 

For topical use, creams, ointments, jellies, solutions or suspensions, etc., containing the compounds of For- 
mula (I) are employed. (For purposes of this application, topical application shall include mouth washes and 
gargles.) 

Dosage levels of the order of from about 0.05 mg to about 140 mg per kilogram of body weight per day are 
useful in the treatment of the above- indicated conditions (about 2.5 mg to about 7 gms. per patient per day). 
For example, inflammation may be effectively treated by the administration of from about 0.01 to 50 mg of the 
compound per kilogram of body weight per day (about 0.5 mg to about 3.5 gms per patient per day). 

The amount of active ingredient that may be combined with the carrier materials to produce a single dosage 
form will vary depending upon the host treated and the particular mode of administration. For example, a for- 
mulation intended for the oral administration of humans may contain from 0.5 mg to 5 gm of active agent com- 
pounded with an appropriate and convenient amount of carrier material which may vary from about 5 to about 
95 percent of the total composition. Dosage unit forms will generally contain between from about 1 mg to about 
500 mg of an active ingredient 

It will be understood, however, that the specific dose level for any particular patient will depend upon a 
variety of factors including the activity of the specific compound employed, the age, body weight, general health, 
sex, diet, time of administration, route of administration, rate of excretion, drug combination and the severity 
of the particular disease undergoing therapy. 

The following Examples are intended to illustrate the preparation of compounds of Formula I, and as such 
are not intended to limit the invention as set forth in the claims appended, thereto. 

EXAMPLE 1 

N-(N-Acetyl-tyrosinyl-valinyl-alaninyl)-3-amino-4-oxobutanolc acid. 
STEP A 




OH 



CC^t-Bu 



N-allyIoxycarbonyi-3-amlno-4-hyroxybutanolc acid tert-butyl ester. To a solution of N-allyloxycarbonyl 
(S)-aspartic acid p-tert-butyl ester (2.00 g, 7.32 mmol) in 50 mL of tetrahydrofuran (THF) at 0°C, was added 
N-methyl morpholine (ISIMM, 885 mL, 8.05 mmol) followed by isobutyl chloroformate (IBCF, 997 mL, 7.68 mmol). 
After 15 minutes, this mixture was added to a suspension of sodium borohydride (550 mg, 14.55 mmol) in 50 
mL of THF anf 12.5 mL of methanol at -45°C. After 30 minutes at -45°C, the mixture was warmed to 0°C and 
held at that temperature for 30 minutes. The reaction was quenched with acetic acid, diluted with 1:1 ethyl acet- 
aterhexane, and washed 3 times with dilute sodium bicarbonate. The organics were dried over sodium sulfate, 
filtered, and concentrated. The residue was purified by MPLC on silica-gel (35x350 mm column, 30% ethyl acet- 
ate/hexane) to give the desired product 1 H NMR (200 MHz, CD 3 OD) 6 5.9 (m, 1H), 5.28 (br d, 1H, J = 17 Hz) 
5.15 (br d, 1H, J = 9 Hz), 4.52 (br d, 2H, J = 6 Hz), 3.98 (m, 1H), 3.48 (ABX, 2H, J = 5, 6, 11 Hz), 2.53 (dd ( 1H 
J = 5, 16 Hz), 2.32 (dd, 1H, J = 9, 16 Hz), 1.43 (s, 9H). 
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Ti i 



H f H > 

OCHg 

t0 2 t-Bu 



N-allyloxycarbonyl-3-amino-4-oxobutanoic acid 0-tert-buty] ««t«r dimethyl acetal. To a solution of dime- 
thyl sulfoxide (757 mL, 10.67 mmol) in 10 mL of dichloromethnane at -45°C was added oxalyl chloride (508 
mL, 5.82 mmol). After 5 minutes, a solution of N-allyloxycarbonyl-3-amino-4-hyroxybutanoic acid tert-butyl es- 
ter (1 .25 g, 4.85 mmol) in 10 mLof dichloromethane was added. After 15 minutes, triethyl amine (2.03 mL, 14.55 
mmol) was added. After 30 minutes, the mixture was warmed to -23°C and stirred for 30 minutes. The mixture 
was diluted with 1:1 ethyl acetate/hexane, washed with water, 1 N sodium hydrogensulfate, and twice with wa- 
ter. The organics were dried over sodium sulfate, filtered, and concentrated. The resultant oil was dissolved in 
200 mL of methanol and 20 mL of trimethyl orthoformate and 1 00 mg of p-toiuene sulphonic acid were added. 
After 16 hours, the reaction was quenched with staurated sodium bicarbonate and concentrated in vacuo. The 
mixture was diluted with ether and washed 5 times with dilute sodium bicarbonate. The ether layer was dried 
over magnesium sulfate, filtered, and concentrated to afford the title compound as a colorless ol a 1 H NMR (200 
MHz, CD 3 OD) 6 5.9 (m, 1H), 5.26 (br d, 1H, J = 17 Hz), 5.14 (br d, 1H, J = 10 Hz), 4.51 (br d. 2H, J = 5.33 Hz), 
4.25 (d, 1H, J = 4.79 Hz). 4.11 (m, 1H), 3.40 (s, 3H), 3.39 (s, 3H), 2.52 (dd, 1H, J = 4.86, 15.27 Hz), 2.30 (dd, 
1H, J = 9.00, 15.28 Hz), 1.43 (s, 9H). 



STEPC 




CC^t-Bu 



3-Amlno-4-oxobutanoic acid B-tert-butyl ester dimethyl acetal. To a solution of N-allyloxycarbonyl-3-ami- 
no-4 -oxobutanoic acid 0-tert-butyl ester dimethyl acetal (312 mg, 1 .03 mmol) in 10 mLof THF was added mor- 
pholine (897 mL, 10.3 mmol) and tetrakis triphenylphosphine palladium (100 mg). After 3 hours, the mixture 
was diluted with 1:1 ethyl acetate/hexane and washed 5 times with dilute sodium bicarbonate. The organics 
were dried over sodium sulfate, filtered, and concentrated. The resulting oil was purified by MPLC on silica- 
gel (22x300 mm column, linear gradient of dichloromethane to 1% ammonia and 10 % methanol in dichloro- 
methane) to afford the title compound as a pale-yellow oil: 1 H NMR (200 MHz, CD 3 OD) 6 4.15 (d, 1H J = 5 67 
Hz), 3.41 (s, 3H), 3.40 (s, 3H), 3.19 (m, 1H), 2.47 (dd, 1H, J = 4.88, 16.06 Hz), 2.22 (dd, 1H, J = 7.86, 16 16 
Hz), 1.45 (s,9H). 
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N-(N-Acetyl-tyro8inyl-valinyl-alaninyl)-3-amino-4-oxobutanolc acid p-tert-butyi ester dimethyl acetal. 

To a solution of 3-Amino-4-oxobutanoic acid 0-tert-butyl ester dimethyl acetal (104 mg f 0.473 mmol) in 3 mL 
of DMF at 0°C was added N-methyl morpholine (260 mL, 2.37 mmol) followed sequentially by N-Acetyl-tyro- 
sinyl-valinyl-alanine (229 mg f 0.473 mmol), hydroxybenzotriazole (96 mg, 0.710 mmol), and dicydohexylcar- 
bodiimide (98 mg, 0.473 mmol). After 24 hours at ambient temperature, the mixture was filtered and purified 
by SEPHADEX LH-20 chromatography (1M x 50 mm column, methanol eluent). The resulting product was fur- 
ther purified by MPLC on silica-gel (22 x 300 mm column, eluting with a linear gradient of dichloromethane to 
1 % ammoinia and 1 0% methanol in dichloro methane) to give the title compound as a colorless solid: 1 H NMR 
(200 MHz, CD 3 OD) 6 7.04 (br d, 2H, J = 8.54 Hz), 6.67 (br d, 2H, J = 8.57 Hz), 4.58 (dd, 1 H, J = 5.61 , 9.03), 
4.4-4.2 (m. 3H), 4.16 (d, 1H, J = 7.12 Hz), 3.39 (s, 3H), 3.38 (s, 3H), 3.01 (dd, 1H, J = 5.54, 13.97 Hz), 2.76 
(dd. 1H, J = 8.89, 13.90 Hz), 2.53 (dd, 1H, J = 5.50, 14.45 Hz), 2.34 (dd, 1H, J = 7.83, 15.49 Hz), 2.05 (m, 1 H), 
1.90 (s, 3H), 1.41 (s, 9H), 1.33 (d, 3H, J = 7.16 Hz), 0.94 (d, 3H, J = 6.73 Hz), 0.92 (d, 3H, J = 6.77 Hz). 

STEPE 




N-(N-Acetyi-tyrosinyl-valinyl-alaniny1)-3-amino-4-oxobutanoic acid. A solution of N-(N-Acetyl-tyrosinyt- 
valinyl-alaninyl)-3-amino-4-oxobutanoic acid 0-tert-butyl ester dimethyl acetal (17.4 mg) in 2 mL of trifluoroa- 
cetic acid was aged for 1 5 minutes and concentrated in vacuo . The product was dissolved in 1 .0 mL of methanol 
and 1 .0 mL of water containing 60 uL of thionyl chloride was added. After 2 hours, the pH of the solution was 
adjusted to around 5 with sodium acetate to afford a solution of the title compound: 1 H NMR (200 MHz, CD 3 OD) 
5 7.08 (br d, 2H, J = 8.44 Hz), 6.76 (br d, 2H, J = 8.49 Hz), 4.7-4.1 (m, 4H), 4.04 (d. 1H, J = 7.67 Hz), 3.05- 
2.40 (m, 4H), 2.05 (m, 1H), 1.96 (s, 3H), 1 .35 (d, 3H, J = 7.23 Hz), 0.89 (d, 6H, J = 6.84 Hz). 
The following additional compounds are made in an anologous manner. 

N-(N-Acetyl-phenylalaninyi-valinyl-alaninyl)-3- amino-4-oxobutanoic acid; 

N-(3-phenylpropionyl-valinyl-alaninyl)-3-amino-4-oxobutanoic acid; and 

N-(3-(4-hydroxyphenyi)-valinyl-alaninyl)-3-amino-4-oxobutanoic acid. 
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EXAMPLE 2 

N-(N-Acetyl-tyro8inyl-vaIiny|.e-CBZ.|ysinyl)-3-amino-4-oxobutanolc acid. 
STEP A 




N.(N-Acetyl-tyro8lnyl-vallnyl-(e-CBZ-Iyslnyl)).3-amino-4^>xobutanoic acid p-tert-butyl eater dimethyl 
acetaJ. To a solution of 3-Amino-4-oxobutanoic acid 0-tert-butyl ester dimethyl acetai (238 mg, 1.09 mmol) in 
5 mL of DMF at 0°C was added N-melhyl morpholine (599 mL, 5.45 mmol) followed sequentially by N-Acetyt- 
tyrosinyf-valinyl-e-CBZ-lysine (735 mg, 1.09 mmol), hydroxybenzotriazole (221 mg, 1.64 mmol), and dicydo- 
hexylcarbodiimide (225 mg, 1.09 mmol). After 16 hours at ambient temperature, the mixture was filtered and 
purified by SEPHADEX LH-20 chromatography (1 M x 50 mm column, methanol eluent). The resulting product 
was further purified by MPLC on silica-gel (22 x 300 mm column, eluting with a linear gradient of dichlorome- 
thane to 1% ammoinia and 10% methanol in dichloromethane) to give the title compound as a colorless solid' 
'H NMR (200 MHz, CD 3 OD) 6 7.31 (br s, 5H), 7.04 (br d, 2H, J = 8.35 Hz), 6.67 (br d. 2H, J = 8.45 Hz), 5 04 
(s. 2H). 4.61 (m, 1H), 4.44-4.25 (m, 3H), 4.17 (d, 1H, J = 7.27 Hz), 3.39 (s, 3H), 3.38 (s, 3H), 3.1-2.9 (m, 3H), 
2.75 (dd, 1H, J = 9.28, 14.12 Hz), 2.53 (dd, 1H, J = 5.47, 15.58 Hz), 2.33 (dd. 1H, J = 7.96, 15.53 Hz), 2.04 
(m, 1H), 1.88 (s, 3H), 1.8-1.2 (m, 6H), 1.41 (s, 9H), 0.94 (d, 6H, J = 6.74 Hz). 

STEPB 




O 



N-(N-Acetyl-tyroslnyl-vallnyl-£.CB2-lyslnyl)-3-amIno-4-oxobutanoIc acid. A solution of N-(N-Acetyt-tyro- 
sinyl-valiny1-e-CBZ-lysinyl)-3-amino-4-oxobutanoic acid p-tert-butyl ester dimethyl acetai (14.9 mg) was treat- 
ed with 1 mLof trifluoroacetic acid, aged for 1 5 minutes, and concentrated in vacuo . The residue was dissolved 
in 1 .0 mL of methanol and 1 .0 mL of water containing 20 uL of thionyl chloride was added. After 1 hour, the pH 



23 



EP0519748 A2 



of the solution was adjusted to around 5 with sodium acetate to afford a solution of the title compound: 1 H NMR 
(200 MHz, CD3OD) 6 7.33 (br s t 5H), 7.05 (br d, 2H, J = 8.35 Hz), 6.74 (br d, 2H, J = 8.35 Hz), 4.8-3.9 (m, 5H), 
3.1-2.3 (m, 6H), 1.98 (m, 1H), 1.92 (s, 3H), 1.8-1.2 (m, 6H), 0.89 (d, 6H f J = 6.60 Hz). 
The following additional compounds are made in an analogous manner 

N-(N-Acetyi-phenylalaninyl-valinyl-6-CBZ-lysinyl)-3-amino-4-oxobutanoic acid; and 

l^(3-phenylpropionyl-valinyl-e-CBZ-lysinyl>-3-amino-4-oxobutanoic acid; 

NK3-(4-hydroxyphenyl)-proptonyl-valin^ acid. 

EXAMPLE 3 




N-(N-Acetyl-tyrosinyl-valiny|.|yslnyl)^-amino-4-oxobutanoic acid. A solution of N-(N-Acetyl-tyrosinyl-va- 
linyl-£-CBZ-lysinyl)-3-amino-4-oxobutanoic add 0-tert-butyl ester dimethyl acetal (16.8 mg) was dissolved in 
2 mL of methanol and 10 mg of Pearlman's catalyst (Pd(OH) 2 on Carbon) was added. After 30 minutes under 
hydrogen, the mixture was filtered and concentrated. The residue was treated with 2 mL of trif luoroacetic acid, 
aged for 15 minutes, and concentrated in vacuo. The product was dissolved in 1.0 mL of methanol and 1.0 nL 
of water containing 20 uL of thionyl chloride was added. After 1 hour, the pH of the solution was adjusted to 
around 5 with sodium acetate to afford a solution of the title compound: 1 H NMR (200 MHz, CD 3 OD) 6 7 10 (br 
d, 2H, J = 8.01 Hz), 6.77 (br d, 2H, J = 8.25 Hz), 4.7-4.0 (m, 5H), 3.1-2.4 (m, 6H). 2.04 (m, 1H), 1.95 (s, 3H), 
1.9-1.3 (m,6H), 0.90 (d,6H, J = 6.59 Hz). 

The following additional compounds are prepared in an analogous manner 
N-(N-Acetyl-phenylalaninyl-valinyl-lysinyl)-3- amino-4-oxobutanoic acid; 
N-(3-phenylpropionyl-valinyl-lysinyl>.3-amino-4-oxobutanoic acid; and 
N-(3-(4-hydroxyphenyl>-propionyl-valinyt-lysinyl)-3-amino-4.oxobutanoicacid. 

EXAMPLE 4 




N-(N-Acety|.tyroslnyl-vallnyl-lysinyl)-3-amlno^.oxobutanolc acid dimethyl acetal lithium salt A solu- 
tion of N-(N-Acetyl-tyrosinyl-valinyl-e-CBZ-lysinyl)-3-amino-4-oxobutanoic acid 0-tert-butyl ester dimethyl 
acetal (15.6 mg) was disolved in 2 mLof methanol and 10 mg of Pearlman's catalyst (Pd(OH) 2 on Carbon) was 
added. After 30 min under hydrogen, the mixture was filtered and concentrated. The solid was dissolved in 1 
mL of methanol and 1 mL of water. Lithium hydroxide hydrate (22 mg) was added. After 16 hours at ambient 
temperature, the mixture was concentrated in vacuo to give the title compound in the presence of lithium hy- 
droxide: 'H NMR (200 MHz, CD 3 OD) 6 6.88 (br d, 2H, J = 8.4 Hz), 6.54 (br d, 2H, J = 8.4 Hz), 4.6-4 1 (m 5H) 
3.38 (s, 6H). 3.0-2.2 (m, 6H), 2.08 (m, 1H), 1.88 (s, 3H), 1.9-1.2 (m, 6H), 0.94 (d, 6H, J = 6.7 Hz), 0.91 (d, 3H, 
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J = 6.7 Hz). 
EXAMPLE 5 

N-(3-Phenylpropionyl»vallnyl-alaninyl)-3-amino-4-oxobutanoic acid 
Step A 




O 



N-AJIytoxycarfaonyJ-4-amlno-5-benzy1oxy-2-oxotetra-hydrofuran 

To a solution of dimethyisulfbxide (1 .86 mU 26.1 6 mmd) in 30 mL of freshly distilled dichloromethane at -45°C 
was added oxalyl chloride (1.24 ml_ 14.27 mmol). After 5 minutes, a solution of N^allyloxycarbonyl-3-amino- 
4-hydroxybutanoic acid tert-butyl ester (3.07 g, 1 1 .89 mmol) in 20 mL of dichloromethane was added. After 15 
minutes, diisopropyl ethylamine (6.21 mL, 35.67 mmol) was added and the mixture stirred at 0°C for 30 minutes. 
The mixture was diluted with ethyl acetate and washed with water, 1 N sodium hydrogen sulfate, and three times 
with water. The organics were dried over sodium sulfate, filtered, and concentrated. The resulting colorless oil 
was dissolved in 7 mL of dichloromethane and 6.5 mL of benzyl alcohol. To this solution was added -1g of 3A 
molecular sieves followed by a catalytic amount of ^toluenesulfonic acid. After 16 hours, trifluoroacetic acid 
(-8 mL) was added, and the mixture stirred for 30 minutes and concentrated. The mixture was diluted with 
ethyl acetate and filtered through CEUTE. The organics were then washed three times with dilute sodium bi- 
carbonate, dried over sodium sulfate, filtered, and concentrated. The residue was purified by MPLC on silica- 
gel (35x350 mm column, using 20% ether in hexane as eluent until the benzyl alcohol came off, and then 10% 
ethyl acetate in 1:1 dichloromethane/hexane to elute the products) to afford the title compound as a mixture 
of two diastereomere which crystallized on standing: 1 H NMR(400 MHz, CD 3 OD) 6 7.3 (m, 5H, Ar-H) 5 89 (m 
1H, CH=CH2), 5.61 (d, 0.5H, CHOBn), 5.47 (d, 0.5H, CHOBn), 5.28 (br d, 1H, CH=CHH), 5.18 (br d ( 1H 
CH=CHH), 4.82 (2d's, 1H, CHjPh), 4.67 (2d's, 1H, CH^Ph). 4.52 (m, 3H, C^OCO, CHN), 3.02 (dd, 0.5H 
CHHCOa), 2.74 (dd, 0.5H, CHHCOJ, 2.61 (dd, 0.5H, CHHCOJ, 2.45 (dd, 0.5H, CHHCOJ. 

Step B 




N-(Tert-butoxycarbonyUvalinyl-alaninyl)-4-amlno-5-benzyloxy-2-oxotetrahydrofuran 

To a solution of N-aIlyloxycarbonyl-4.amino-5-benzyloxy-2-oxotetrahydrofuran (407.6 mg, 1.399 mmol) 
and tert-butoxycarbonyf-valinyl-alanine (807 mg, 2.8 mmol) in 10 mL of dichloromethane was added -20 mg 
of (PPh 3 ) 2 PdCI 2 followed by tri-n-butyttin hydride (415 nL, 1 .54 mmol) dropwise over two minutes. An additional 
100 til of tri-n-butyitin hydride was added dropwise until the color of the reaction mixture had turned dark orange. 
Dimethyiformamide (5 mLO was added followed by hydroxybenzotriazole (567 mg, 4.2 mmol). The mixture was 
cooled to 0°C and ethyl dimethylaminopropyi carbodiimide (295 mg, 1.54 mmol) was added. After 16 hours at 
ambient temperature, the mixture was diluted with ethyl acetate and washed three times with dilute hydrochloric 
acid, and three times with dilute sodium bicarbonate. The mixture was dried over sodium sulfate, filtered, and 
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concentrated. The residue was purified by MPLC on silica-gel (22x300 mm column, 50% ethyl acetate in hex- 
ane as eluent) to afford 590.4 mg (91%) of the title compound as a mixture of two diastereomers: 1 H NMR (400 
MHz. CD 3 OD) 5 7.4-7.05 (m, 5H, Ar-H), 5.63 (d. 0.5H, CHOBn), 5.45 (d, 0.5H, CHOBn), 4.9-4.6 (m, 3H, CH^Ph, 
CHN), 4.4-4.2 (m, 2H, CHN), 3.83 (m, 1H, CHN), 3.03 (dd. 0.5H, CHHCOj), 2.77 (dd, 0.5H, CHHCO*). 2.61 
5 (dd, 0.5H, CHHCO2), 2.47 (dd, 0.5H, CHHCOa), 2.01 (m, 1H, CH(CH^ t 1.43 (s, 9H, C{CH&), 1-33 (d, 1.5H, 
CHCH3), 1 .27 (d, 1 .5H, CHCH3), 0.9 (m, 6H, CHfCJfeW. 

Step C 

10 



15 




O 



20 N-(3-(4-Hydroxypheny1)-propionyl-vallny^ 

N-(Ti^-butoxycarbonyl-valinyl-alaninyl^ (590.4 mg) was dis- 

solved in 15 mL of trifluoroacetic acid, aged for 15 minutes, and concentrated. The residue was dissolved in 
methanol, diluted with toluene and concentrated to give a colorless solid. To 202.6 mg of this solid was added 

25 3-(4-hydroxyphenyl)-propk>nic acid (137 mg, 0.8245 mmol), hydroxybenzotriazole (111 mg, 0.8245 mmol), di- 
methyl formamide (3 mL), and 4-methylmorpholine (45 nU 0.4122 mmol). Ethyl dimethylaminopropyl carbo- 
diimide (83 mg, 0.433 mmol) was added and the mixture stirred for 16 hours at ambient temperature. The mix- 
ture was diluted with ethyl acetate and washed three times with 2N hydrochloric acid, and twice with dilute so- 
dium bicarbonate. The organics were dried over sodium sulfate, filtered, and concentrated to give the title com- 

30 pound as a mixture of two diastereomers: 'H NMR (400 MHz, CD 3 OD) 8 7.4-7.2 (m, 5H, Ar-H), 7.01 (2d's 2H 
Ar-H), 6.66 (d, 2H, Ar-H), 4.9-4.6 (m, 2.5H, CHaPh, CHN), 4.4-4.2 (m, 1.5H, CHN), 4.08 (d. 0.5H, J=7.43 Hz! 
CHN), 4.02 (d, 0.5H, J=7.15 Hz, CHH, 3.03 (dd, 0.5H, J=8.25, 18.31 Hz, CHHCOa), 2.9-2.7 (m, 2.5H, CHHC0 2 , 
CHACON), 2.60 (dd, 0.5H, J=1 0.19, 17.29 Hz, CHHCOJ, 2.55-2.45 (m, 2.5H, CHHCO2, C^Cttp-HOPh^ 1 .97 
(m, 1H, CH(CH 3 )2), 1.32 (d, 1.5H, J=7.14 Hz, CHCH3), 1.26 (d, 1.5H, J=7.14 Hz, CHCH3), 0.9-0.8 (m. 6H, 

35 CH(CH3)2). . 

Step D 



40 



45 




O 



N-(3-Phenylpropionyl-valinyl>alaninyl)-4>amino-5-benzy1oxy-2-oxotetrahydrofuran 

N-(T^-butoxycart>onyl-valinyl-alaninyl)-4-amino-5-benzyloxy-2-o^^ (590.4 mg) was dis- 

solved in 15 mL of trifluoroacetic acid, aged for 15 minutes, and concentrated. The residue was dissolved in 
methanol, diluted with toluene and concentrated to give a colorless solid. To 201 .9 mg of this solid was added 
3-phenylpropionic acid (123 mg, 0.8216 mmol), hydroxybenzotriazole (111 mg, 0.8216 mmol), dimethyl forma- 
mide (3 mL), and 4-methylmorpholine (45 pi, 0.4108 mmol). Ethyl dimethylaminopropyl carbodiimide (83 mg, 
0.4313 mmol) was added and the mixture stirred for 16 hours at ambient temperature. The mixture was diluted 
with ethyl acetate and washed three times with 2N hydrochloric acid, and twice with dilute sodium bicarbonate. 
The organics were dried over sodium sulfate, filtered and concentrated to give the title compound as a mixture 
of two diastereomers: 'H NMR (400 MHz, CD 3 OD) 5 7.4-7.1 (m, 10H, Ar-H), 5.63 (d, 0.5H, J=5.03 Hz, CHOBn), 
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5.45 (d, 0.5H, J=1.20 Hz, CHOBn), 4.95-4.6 (m, 2.5H, C&Ph, CHN), 4.4-4.2 (m, 1.5H, CHN), 4.08 (d, 0.5H, 
J=7.38 Hz, CHN), 4.03 (d, 0.5H, J=7.15 Hz, CHN), 3.03 (dd, 0.5H, J=8.11, 18.3 Hz, CHHCOj). 2.89 (dd, 2H, 
J=5.49, 8.79 Hz, CHACON), 2.76 (dd, 0.5H, J=8.76, 17.38 Hz, CHHCOJ, 2.7-2.4 (m, 3H, CHHC0 2 , CHaCHaPh), 
1.98 (m, 1H, CH(CH 3 )2). 1.31 (d, 1.5H, CHCH3), 1.25 (d, 1.5H, CHCH), 0.87 (m, 6H, CHfCHafe. 

StepE 




COjH 



N-(3-Phenylproplony»-vallnyl-alanlnyl)-3-amlno-4-oxobutanoic acid 

To a solution of 1 88 mg of N-(3-phenylpropk>nyl-valinyl-alaninyl)-4-amino-5-benzyto 
an in 2 mL of dimethylformamide and 3 mL of methanol was added -100 mg of Pd(OH) 2 on carbon. After the 
mixture had been stirred vigorously under hydrogen for 3 hours, the mixture was filtered through a 0.22 \im 
nylon membrane filter and concentrated. The residue was purified by MPLC on silica-gel (22x300 mm column, 
eluted with a gradient of dichloromethane to 8% formic acid and 32% methanol in dichloromethane) to afford 
112 mg of the title compound as a colorless solid: 1 H NMR (400 MHz, CD 3 OD (1:1 mixture of diastereomeric 
hemiacetals in this solvent)) 8 7.3-7.1 (m, 5H, Ar-H), 4.58 (d, 0.5H, J=4.06 Hz, CH(OH)(OCD 3 )), 4.56 (d, 0.5H, 
J=3.96 Hz, CH(OH)(OCD 3 )), 4.34 (m, 1H, CHN), 4.24 (m, 1H. CHN), 4.02 (d, 1H, J=7.38 Hz, CHN), 2.91 (t, 
2H, J=7.61 Hz, CH 2 CON), 2.7-2.4 (m, 4H, C^Ph, CHjCOJ, 2.00 (m, 1H, CHfCH^, 1.32 (d, 3H, J=7.10 Hz, 
CHCH3), 0.88 (d, 3H, J=6.82 Hz, CHfC^, 0.85 (d, 3H, J=6.83 Hz, CHfCHj)^ 

The following additional compounds can be prepared by the same procedures as exemplified above: 

(a) N-(N-acetyl-tyrosinyl-valinyl-(N,N)-dimethyl-Usinyl)-3-amino-4-oxo-butanoic acid; 

(b) N-(N-phenylpropionyl)valinyl-glycinyl)-3-amino-4-oxo-butanoic acid; 

(c) N(N-acetyl-alaninyl)-3-amino-4-oxo-butanoic acid; 

(d) N-(N-acetyl-valinyl-alaninyl)-3-amino-4-oxo-butanoic acid; 

(e) N-propk>nyt-3-amino-4-oxo-butanoic acid; 
(0 N-(N-acetyl-3-amino-4-oxo-butanoic acid; or 

(g) N-(N-Acetyl tyrosinyl-valinyl-histidinyl-3-amino-4-oxo butanac acid. 

EXAMPLE 6 



HO. 




C0 2 H 



N>(3-(4-Hydroxyphenyl)propionyUvalinyl>alaninyl)-3-amlno-4-oxobutanoic acid 

To a solution of 195 mg of N-(3-(4-hydroxyphenyl)propionyl-valinyl-alaninyl)-4-amino-5-benzytoxy -2-ox- 
otetrahydrofuran in 5 mL of methanol was added -100 mg of Pd(OH) 2 on carbon. After the mixture had been 
stirred vigorously under hydrogen for 3 hours, the mixture was filtered through a 0.22 *im nylon membrane filter 
and concentrated. The residue was purified by MPLC on silica-gel (22x300 mm column, eluted with a gradient 
of dichloromethane to 8% formic acid and 32% methanol in dichloromethane) to afford 115 mg of the title com- 
pound as a colorless solid: 1 H NMR (400 MHz, CD 3 OD (1:1 mixture of diastereomeric hemiacetals in this sol- 
vent)) 6 7.01 (d, 2H, J=8.39 Hz, Ar-H), 6.67 (d, 2H, J=8.53 Hz, Ar-H), 4.58 (d, 0.5H, J=3.92 Hz, CHfOHXOCDa)), 
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4.56 (d, 0.5H. J=4.06 Hz, CH(OH)(OCD S )), 4.34 (m. 1H. CHN), 4.24 (m. 1H, CHN), 4.09 (d. 1H. J=7 10 Hz. 
Cm, 2.81 (t, 2H. J=7.56 Hz. CHjCON). 2.7-2.4 (m. 4H. CH2Ar, CH^COj). 2.00 (m. 1H. CH(CH,W. 1.32 (d 
3H. J=5.81 Hz. CHCHj), 0.89 (d. 3H. J=6.82 Hz. CHfCHj),). 0.85 (d. 3H. J-6.87 Hz. CH(C^. ' 

EXAMPLE 7 

N-(3-Phenylproplonyl-Vallny|.AIanlny«)3.amlno-4w>xo-5-phenylpentanolcacld. 
Step A 




3-AllyloxycarbonyJamino-4-oxo-5-phenylDentanolc acid t-butyl eater. 2M Oxallylchloride (0 89 mL) in 
CH 2 CI 2 was added to a mixture of DMSO (0.137 mL. 1 .78 mmol) in CH 2 CI 2 (2 mL) at-78°C. The resulting mixture 
was stirred at -78X for 10 min and the N-alloc-b-t-butyl aspartic alcohol (420 mg. 1.615 mmol) in CH,CU(4 
mL) was added dropwise. The mixture was stirred at -78°C for 30min and 5min at -20°C. The mixture was cooled 
to-78»C and .-Pr 2 NEt (0.843 mL. 4.845 mmol) was added dropwise. The resulting mixture was stirred at -78X 
for 20 mm and at 0°C for 30 min. The mixture was cooled to -78'C and (2.84 mL.5.65 mmol) benzylmagnesium 
bromide was added dropwise. The mixture was stirred at -78"C for 30 min and at 0»C for 1h. Et 2 0 (100 mL) 
was added and the two layers were separated. The aqueous layer was further extracted with Et 2 0 (3X30 mL 
and the combined organic extracts were dried over N^SCv The solvent was reduced in vacuo The residue 
was chromatographed over silica (1:1. Et 2 0: Hexane) to provide the alcohol (350 mg . 63%lThe alcohol (100 
mg, 0.286 mmol) was dissolved in CH 2 CI 2 (5 mL) and Dess-Martin reagent (180 mg. 0.429 mmol) was added 
The resulting mixture was stirred for 30 min at rt and the mixture was filtered through a block of silica fi-1 Hex- 
ane:Et 2 0) to provide the benzylketone (75 mg.75%). 

2.6 8 7dS^ 
StepB 




COOH 



N.(3-Phenylproplony|.Valiny|.AIanlnyl)3-amlno-4.oxo.5-phenylpentanolc acid. 3-Allyioxycarbonylami- 
no-4-oxo-5-phenylpentanoic acid t-butyl ester (25 mg. 0.0717 mmol) was dissolved in CH 2 CI, (2 mL) 
PdCI 2 (Ph3P) 2 (cat) and Bu 3 SnH (30 ul)was added dropwise. The mixture was stirred for under N 2 for 10 min 
DMF (4 mL). N-phenylpropionyl-Val-Ala (31.6mg). HOBT(29 mg) and EDC(16.4 mg) were added respectively 
k, J£ « 9 WM 8tirfed overni 9 ht - Et0Ac ( 20 -«L) was added and the mixture was washed with ad 

rS uS \ i J!S?; ^ SOlVenl W8S redUCed V3CUum and the residue was chromatographed over silica (95-5 
um 2 ci 2 : MeOH) to afford the tetra-peptide which was dissolved in a 1:1 mixture of CH 2 CI 2 /TFA(4 mL) The mix- 
tore was stirred at room temperature for 10 min and the was reduced in vacuo. The residue was recrystilized 
from acetone/hexane to provide the acid (42 mg). 

iH NMR (CD 3 OD). 5 7.2 (m, 10H). 4.62 (t. 1H), 4.35 (m, 1H), 4.12 (d,1H). 3.85 (d.2H), 2.88 (m, 3H), 2.72 
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(dd,1H), 2.55 (m,2H), 2.0 (m,1H), 1.35 (d,3H), 0.88 (dd.6H). 



EXAMPLE 8 



N-(3-Phenylpropionyl-Valinyl-Alaninyt)3-amino^-oxo-6-phenylbexano!c acid: 



Step A 




■h 



3-AJIyloxycarbonylamino-4-oxo-6-phenylhexanoic acid t-butyi ester: 2M Oxallylchloride (0.975 mL) in 
CH 2 Q 2 was added to a mixture of DMSO (0.15 mL) in CH 2 CI 2 (2 mL) at -78°C. The resulting mixture was stirred 
at -78°C for 10 min and the N-alloc-b-t-butyi aspartic alcohol (460 mg. 1.77 mmol)in CH 2 CI 2 (4 mL) was added 
dropwise. The mixture was stirred at -78°C for 30 min and 5 min at -20°C. The mixture was cooled to -78°C 
and hPr 2 NEt (0.923 mL) was added dropwise. The resulting mixture was stirred at -78°C for 20 min and at 0°C 
for 30 min. The mixture was cooled to -78°C and (2.84 mL,5.65 mmoL) phenylethylmagnesium bromide was 
added dropwise. The mixture was stirred at -78°C for 30 min and at 0°C for 1h Et 2 0 (100 mL) was added and 
the two layers were separated. The aqueous layer was further extracted with Et 2 0 (3X30 mL) and the combined 
organic extracts were dried over Na^O* The solvent was reduced in vacuo. The residue was chromatographed 
over silica (1:1, E^O: Hexane) to provide the alcohol (450 mg, 71%). The alcohol was dissolved in CH 3 CN (3 
mL) and 4A°MS (622 mg), NMO(218 mg) and 10 mol% TPAP (Tetra propyl amonium perrhuthenate). The re- 
sulting mixture was stirred for 30 min at room temperature and the mixture was filtered through a block of silica 
(2:1,Hexane:Et 2 0) to ptovide the phenylethyl ketone (400mg,89%) 

iHNMR (CDCI 3 ), 5 7.2 (m, 5H), 5.85 (m,2H), 5,25 (dd,2H), 4.55 (d,2H), 4.4 (m,1H), 2.88 (m, 5H), 2.65 
(dd,1H), 1.38 (s,9H). 



N-(3-Phenylproplonyl-Vallny|.AIaninyi)3-amino^-oxo-6-phenylhexanolc acid: 3-Allyloxycarbonylamino- 
4-oxo-6-phenylhexanoic acid t-butyl ester (170 mg, 0.472 mmol) was dissolved in CH 2 CI 2 (6 mL). PdCI 2 (Ph 3 P)2 
(cat.) and Bu 3 SnH (0. 1 94 m!)was added dropwise the mixture was stirred for under N 2 for 1 0 min. DMF(1 2 mL), 
N-phenylpropionyl Val Ala (205 mg), HOBT (1 91 mg) and EDC (1 08 mg) were added respectively. The resulting 
mixture was stirred overnight EtOAc (200 mL) was added and the mixture was washed with aq. NaHC0 3 (20 
mL). The solvent was reduced in vacuo and the residue was chromatographed over silica (95:5, CH 2 CI 2 :MeOH) 
to afford the tetra-peptide which was dissolved in a 1 :1 mixture of CH 2 CI 2 nTA (1 0 mL). The mixture was stirred 
at room temperature for 10 min and the was reduced in vacuum. The residue was recrystilized from acet- 
one/hexane to provide the acid (205 mg). 

1H NMR (CD 3 OD), 6 7.2 (m, 10H). 4.6 (t,1H), 4.32 (q,1h), 4.09 (d,1H), 2.92-2.75 (m. 7H), 2.72 (dd,1H), 2.55 
(m,2H), 1.95 (m,1H), 1.32 (d,3H), 0.86 (dd,6H). 



StepB 




COOH 
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N-(3-Phenylproplonyl-Valinyl-Alaninyl)3-amino-4-oxo-7-phenylheptanoic acid: 



5 Step A 



10 




H 



OH 



15 3-Allyloxycart>onyiamino-4-hydroxy-7-phenylheptanolc acid t-butyl ester. 2M Oxallylchloride (2.75 mL) 
in CH2CI2 was added to a mixture of DMSO (0.424 mL)) in CH2CI2 (5 mL) at -78°C. The resulting mixture was stirred 
at -78°C for 1 0 min and the N-alloc-b-t-butyi aspartic aicohol (1 .3g, 5.0 mmol) in CHjCIs (1 0 mL) was added d ropwise. 
The mixture was stirred at -78°C for 30 min and 5 min at -20°C. The mixture was cooled to -78°C and i-Pr 2 NEt (2.6 
mL) was added dropwise. The resulting mixture was stirred at -78°C for 20 min and at 0°C for 30 min. The 

20 mixture was cooled to -78°C and (8.7 mL) 2M phenylpropyimagnesium bromide in Et 2 0 was added dropwise. 
The mixture was stirred at -78°C for 30 min and at 0°C for 1h. Et 2 0 (200 mL) was added and the two layers 
were separated. The aqueous layer was further extracted with Et 2 0 (3X60 mL) and the combined organic ex- 
tracts were dried over Na^O* The solvent was reduced in vacuo. The residue was chromatographed over 
silica (1:1, Et 2 0:Hexane) to provide the alcohol (1 .6g, 86%). 

25 1H NMR (CDCI3), 6 7.2 (m, 5H), 5.9 (m,2H), 5.25 (m,2H), 4.55 (d,2H), 3.9 (m.1H), 3.68 (m,2H), 2.6 (m f 4H), 
1.95-1 .46 (m ( 4H), 1.4 (s,9H). 



3-AI!yloxycarbonylamino-4-oxo-7-pheny1heptanolc acid t-butyl ester: The alcohol (1.1g, 3.17 mmol) was 
dissolved in CH 3 CN (7 mL) and 4A°MS (1.858g), NMO (556 mg) and TPAP (56 mg, 10 mol%) was added. The 
40 resulting mixture was stirred for 30 min at room temperature and the mixture was filtered through a block of 
silica (2:1, Hexane:Et 2 0) to ptovide the phenyl propyl ketone (820 mg f 75%). 

'H NMR (CDCI3) 5 7.25 (m,2H), 7.1 5 (m,3H), 5.88 (m, 2H), 5.25 (dd,2H), 4.55 (d,2H), 4.38 (m,1 H), 2.85 (dd,1 H), 
2.6 (m,5H), 1 .0 (m,2H), 1 .41 (S, 9H). 



Step B 



30 



35 




45 StepC 



55 



50 




COOH 



N-(3-Phenylpropionyl-Vafinyl-Alaniny1}3-amino-4^>xo-7-phenylheptanoic acid: 3-Allyloxycarbonylami- 
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no-4-oxo-7-phenylheptanoic acid t-butyl ester (300 mg, .81 mmol) was dissolved in CH2CI2 (10 mL). 
PdCI 2 (Ph3P) 2 (cat) and Bu 3 SnH (0.331 mmol) ml) was added dropwise. The mixture was stirred for under N 2 
for 10 min. DMF(20 mL), N-phenylpropionyl Val Ala (350 mg), HOBT (326 mg) and EDC (184 mg) were added 
respectively. The resulting mixture was stirred overnight. EtOAc (250 mL) was added and the mixture was 
washed with aq. NaHC0 3 (25 mL). The solvent was reduced in vaccum and the residue was chromatographed 
over silica (95:5, CH 2 Ci 2 -MeOH) to afford the tetra-peptide which was dissolved in a 1:1 mixture of CH2CI2/TFA 
(15 mL). The mixture was stirred at rt for 10 min and the was reduced in vacuo. The residue was recrystilized 
from acetone/hexane to provide the acid (420 mg) 

1H NMR (CD3OD), 6 12 (m, 10H). 4.6 (t,1H), 4.32 (q, 1H), 4.12 (d f 1H). 2.91-2.42 (m, 10H), 2.1 (m,1H), 1.82 
(m,2H), 1.32 (d,3H), 0.89 (dd,6H). 

EXAMPLE 10 

N-(N-Acetyliyrosinyl-VaHnyl-Alaninyl)-3-amino-4-oxo-7-phenyl heptanoic acid: 
Step A 




N-(N-Acety!iyrosinyl-Valiny1-AJaninyl)-3-amino-4-hydroxy-7-phenyl heptanoic acid t-butyl ester: 3-AI- 
lyloxycarbonylamino-4-oxo-7-phenylheptanoic acid t-butyl ester (155 mg, .41 mmol) was dissolved in CH2CI2 
(4 mL). PdCI 2 (Ph 3 P)2 (cat) and Bu 3 SnH (0.14 mL) was added dropwise. The mixture was stirred for under N 2 
for 10 min. DMF(8 mL), AcTyr.Val Ala (214 mg), HOBT(162 mg) and EDC (86.6 mg) were added respectively. 
The resulting mixture was stirred overnight EtOAc (150 mL) was added and the mixture was washed with aq. 
NaHC0 3 (15 mL). The solvent was reduced in vacuo and the residue was chromatographed over silica (95:5, 
CH 2 CI 2 : MeOH) to afford the tetra-peptide which was dissolved in a 1:1 

1H NMR (CD 3 OD), 6 7.25-7.2 (m, 5H), 7.05 (d,2H), 6.68 (d.2H), 4.58 (m,1H), 4.32 (m,1H), 4.22 (m,1H), 4.12 
(d,1H), 3.63 (m,1H), 3.0 (m,1H), 2.8 (m,1H), 2.6 (m,2H), 2,4 (m,1H), 2.05 (m,1H), 1.91 (s,3H), 1.7 (m,2H), 1.42 
(s,9H),1.3(d,3H), 0.95 (t,6H). 

Step B 




N-(N-AcetyiTyroslny|.Valinyl-Alanlnyl)-3-amino-4-oxo-7-phenyl heptanoic acid t-butyl ester: N-(N-Acet- 
yl-Tyrosinyl-Valinyl-Alaninyl)-3-amino-4-hydroxy-7-phenyl heptanoic acid t-butyl ester (166 mg, 0.0991 mmol), 
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was dissolved in CH 2 CI 2 (5 mL) and PDC (56 mg. 0.149 mmoL), was added. The resulting mixture was stirred 
at rt for 6h. The mixture was f fltered through Celite and the solvent was concentrated in vacuo. The residue 
was chromatographed over silica (95:5, CH^MeOH) to provide the ketone (28 mg) and S.M (33 mg). 
iH NMR (CD 3 OD), 8 7.25 (m,2H), 7.15 (m, 3H), 7.04 (d,2H), 6.68 (d,2H), 4.45 (m,2H), 4.3 (m,1H), 4.12 (d,1 H) t 
2.78 (m,2H), 2.6 (m,4H), 2.07 (m,1H) f 1.9 (s,3H), 1.85 (m.2H), 1.42 (s,9H), 1.35 (d,3H). 0.95 (t,3H). 

Step C 




N-(N-AcetylTyrosinyl-Valinyl-Alaninyt)-3-amlno-4-oxo-7-pheny) heptanoic acid: N-(N-AcetylTyrosinyl- 
Valinyl-Alaninyl)-3-amino-4-oxo-7-phenyl hepttanoic acid t-butyl ester (1 2 mg) was stirred with MeOH (0.5 mL), 
water(.2 mL), and 2N NaOH (0.1 mL) overnight The mixture was acidified with 2N HCI and was extracted with 
EtOAc (3X5 mL). The solvent was evaporated and the product was recrystiiized from acetone/hexane to provide 
the title compound (8 mg). 

iH NMR (CD3OD), 5 7.25 (m,2H), 7.15 (m, 3H), 7.04 (d,2H) f 6.68 (d,2H), 4.55 (m,2H), 4.3 (m,1H), 4.15 (m,1 H), 

3.0 (m,1H), 2.85-2.48 <m,5H), 2.05 (m,1H), 1.9 (s,3H), 1.83 (m,2H),1.35 (dd,3H), 0.93 (t t 3H). 

M/z (M+Na) + = 633.5, 611.7, 595.7, 541.8, 509.9, 485.9, 441.2, 406.3, 376.2, 305.2, 249.9, 235.8. 205.9 

EXAMPLE 11 

N-(N-Acetyliyrosinyl-Vallnyl-Alaninyl)-3-amino-4-oxo-8.phenyl octanoic acid: 
Step A 




3-Allyloxycarbonylamino.4-hydroxy-8-phenyloctanolc acid t-butyl ester: 2M Oxallylchloride (0.952 mL) 
in CH 2 CI 2 was added to a mixture of DMSO (0.145 mL)) in CH 2 CI 2 (2 mL) at -78° C. The resulting mixture was 
stirred at -78°C for 10 min and the N-alloc-b-t-butyl aspartic alcohol (450 mg, 1.74 mmol) in CH 2 CI 2 (3 mL) 
was added dropwise. The mixture was stirred at -78°C for 30 min and 5 min at -20°C. The mixture was cooled 
to -78°C and i-Pr 2 NEt (0.89 mL) was added dropwise. The resulting mixture was stirred at -78°C for 20 min 
and at 0°C for 30 min. The mixture was cooled to -78°C and (6.1 mL) 1M phenyibutyl magnesium bromide in 
Et 2 0 was added dropwise. The mixture was stirred at -78°C for 30 min and at 0°C for 1h. Et 2 0 (30 mL) was 
added and the two layers were separated. The aquous layer was further extracted with Et 2 0 (3X20 mL) and 
the combined organic extracts were dried over Na 2 S0 4 . The solvent was reduced in vacuo. The residue was 
chromatographed over silica (1:1, Et 2 0:Hexane) to provide the alcohol (620 mg, 90%). 

'H NMR (CDCI3). 6 7.25 (m, 2H), 7.15 (m,2H), 5.9 (m,1H), 5.3 (m,2H), 5.18 (d,1H), 4.55 (d,2H), 3.9 
(m,1H), 3.75 (m,2H), 2.55 (m, 6H), 1.6 (m,4H), 1.45 (s,9H), 1.35 (m,2H). 
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Step B 



5 




10 

3-Allyloxycarbonylamino-4-oxo-8-phenyloctanoic acid t-butyl ester: 2M Oxailyichloride (0.73 mL) in 
CH 2 Q 2 was added to a mixture of DMSO (0.138 mL)) in CH 2 CI 2 (4 mL) at -78°C. The resulting mixture was 
stirred at -78°C for 1 0 min and 3-AJIyloxycarbonyiamino4- hydroxy-8-phenyloctanoic acid t-butyl ester (370 mg, 

15 0.974 mmol) in CH 2 CI 2 (8mL) was added dropwise. The mixture was stirred at -78°C for 30 min and 5 min at 
-20°C. The mixture was cooled to -78°C and i-Pr 2 IMEt (0.85 mL) was added dropwise. The resulting mixture 
was stirred at -78°C for 20 min and at 0°C for 30 min. Et 2 0 (30 mL) was added and the two layers were sepa- 
rated. The aqueous layer was further extracted with Et 2 0 (3X20 mL) and the combined organic extracts were 
dried over Na 2 S0 4 . The solvent was reduced in vacuo. The residue was chromatographed over silica (1:1, 

20 Et 2 0:Hexane) to provide the alcohol (320 mg, 87%). 

'H NMR (CDCI 3 ), 8 7.25 (m, 2H). 7.15 (m,2H), 5.9 (m,1H), 5.82 (d,1H), 5.28 <dd,2H), 4.58 (d f 2H), 4.39 
(m,1H), 2.88 (dd,1H), 2.65 (66.1H), 2.55 (m,4H), 1.6 (m,4H), 1.45 (s,9H). 



25 



StepC 
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OH 




COOt-Bu 



40 



45 



N-(N-Acetyl7yroslnyl-ValinyI-AJaninyl)-3-amino-4-oxo-8-phenyl octanolc acid t-butyl ester: 3-Allyloxy- 
carbonyl-amino-4-oxo-8-phenyloctanoic acid t-butyl ester (100 mg, .26 mmol) was dissolved in CH 2 CI 2 (2 mL). 
PdCI 2 (Ph 3 P) 2 (cat) and Bu 3 SnH (0.107 mL) was added dropwise. The mixture was stirred for under N 2 for 10 
min. DMF(6 mL), AcTyr.Val Ala (252 mg), HOBT (52.7 mg) and EDC (62 mg) were added respectively. The re- 
sulting mixture was stirred overnight. EtOAc (100 mL) was added and the mixture was washed with aq. NaHC0 3 
(10 mL). The solvent was reduced in vacuo arid the residue was chromatographed over silica (95:5, CH 2 CI 2 
MeOH) to afford the tetra-peptide (155 mg). 

'H NMR (CD3OD), 5 7.25 (m, 2H), 7.1 5 (m,3H), 7.05 (d,2H), 6.7 (d.2H), 4.58 (m.2H), 4.32 (m,1H), 4.17 ( d,1H) 
3.02 (m,1H), 2.78 (m,2H), 2.6 (m,5H), 2.05 (m,1H), 1.91 (s,3H), 1.58 (m,4H), 1.44 (s,9H), 1.38 (d,3H). 0.92 
(m,6H). 



50 



55 
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Step D 




N-(N-Acetyl7yrosinyl-Valinyl-AJaninyl>-3-amino-4-oxo-8-phenyl octanoic acid: N~(N-AcetytTyrosinyl-Va- 
linyl-Alaninyl }-3-amino-4-oxo-8-phenyl octanoic acid t-butyi ester (100 mg) was dissolved in a 1:1 mixture of 
CH 2 CJ 2 /TFA (1 0 mL). The mixture was stirred at rt for 30 min and the solvent was reduced in vacuo. The residue 
was recrystilized from acetone/hexane to provide the acid (80 mg, 80%) 

'H NMR (CD 3 OD) f 6 7.23 (m, 2H), 7.15 (m,3H), 7.03 (d,2H), 6.68 (d,2H) 4.58 (m,2H), 4.32 (q, 1 H), 4.13 (m,1 H), 
3.0 (dd,1H), 2.9-2.42 (m, 7H). 2.05 (m,1H), 1.92 (s,3H), 1.58 (m,4H), 1.35 (d,3H), 0.92 (m,6H). 

EXAMPLE 12 

N-(N-Acetyliyro8inyl-Vallnyl-Alaninyl)-3-amino-4-oxo-9-phenyl nonanoic acid: 




H OH 



3-Ally1oxycarfoonylamino-4-hydroxy-9-phenylnonanolc acid t-butyi ester: 2M Oxallylchloride (0.82 mL) in 
CH 2 CI 2 was added to a mixture of DMSO (0.125 mL)) in CH 2 CI 2 (2 mL) at -78°C. The resulting mixture was 
stirred at -78°C for 1 0 min and the N-alioob-t-butyl aspartic aJcohol (390 mg, 1 .5 mmol)in CH2CI2 (3 mL) was added 
dropwise. The mixture was stirred at -78°C for 30 min and 5 min at -20°C. The mixture was cooled to -78°C and i- 
Pr 2 NEt (0.783 mL) was added dropwise. The resulting mixture was stirred at -78°C for 20 min and at 0°C for 
30 min. The mixture was cooled to -78°C and (5.0 mL) 1 M phenylpentyl magnesium bromide in Et 2 0 was added 
dropwise. The mixture was stirred at-78°C for 30 min and at 0°C for 1h. Et 2 0 (30 mL) was added and the two 
layers were separated. The aqueous layer was further extracted with Et 2 0 (3X20 mL) and the combined organic 
extracts were dried over Na 2 S0 4 . The solvent was reduced in vacuo. The residue was chromatographed over 
silica (1:1, Et 2 0:Hexane) to provide the alcohol (460 mg, 77%). 

1H NMR (CDCI3), 5 7.25 (m, 2H), 7.15 (m,3H), 5.91 (m,1H), 5.3 (m,2H), 5.18 (d,1H), 4.55 (d,2H), 3.9 
(m,1H), 3.65 (m,2H). 2.55 (m, 6H), 1.6 (m,4H), 1.45 (s,9H), 1.35 (m,2H). 
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Step B 



5 



I 

H 

15 

N-(N-AcetylTVrosinyl-Vallnyl-Alanlnyf)-3-amino-4-oxo-9-phenyl nonanoic acid t-butyt ester: 3-Allyioxy- 
carbonytamino-4-hydroxy-9-phenylnonanoic acid t-butyl ester (360 mg, 0.9.5 mmol) was dissolved in CH 2 CI 2 
(5 mL) and Dess-Martin reagent (576 mg, 1.35 mmol) was added. The resulting mixture was stirred for 2h at 
rt and the mixture was filtered through a block of silica (2:1 P Hexane:Et 2 0) to ptovide the phenylpentyl ketone 
20 (350mg f 97%). 

t-Butyl(3-N-alioc, 4-oxo- 9-phenyl) nonanoate (260 mg, .653 mmol) was dissolved in CH 2 CI 2 (6 mL). 
PdCI^PhaPfc (cat) and Bu 3 SnH (0.27 mL) was added dropwise. The mixture was stirred for under N 2 for 10 
min. DMF (12 mL), AcTyr-Val-Ala (630 mg), HOBT (132.7 mg) and EDC (155 mg) were added respectively. 
The resulting mixture was stirred overnight EtOAc (150 mL) was added and the mixture was washed with aq. 
25 NaHC0 3 (15 mL). The solvent was reduced in vacuo and the residue was chromatographed over silica (95:5, 
CH 2 CI 2 :MeOH) to afford the tetra-peptide(355 mg). 

1H NMR(CD 3 OD), 5 7.25 (m, 2H), 7.15 (m,3H),7.05 (d,2H), 6.68 (d.2H), 4.6 (m f 2H), 4.34 (m,1H), 4.15 (d,1H), 
3.2 (dd,1H), 2.65 (m ( 1H), 2.55 (m,6H), 2.05 (m,1H), 1.91 (s,3H), 1.58 (m,4H), 1.42 (s,9H), 1.35 (d,3H), 1,3 
(m,2H),0.90(t,6H). 

30 

StepC 




PH 



40 




N-(N-Acetyliyrosinyl-Va!inyl-Alaninyl)-3-amino-4-oxo-9-pheny1 nonanoic acid: N-(N-AcetylTyrosinyl-Va- 
linyl-Alaninyl)-3-amino-4-oxo-9-phenyl nonanoic acid t-butyl ester (140 mg) was dissolved in a 1:1 mixture of 
CH 2 C\JTfk (8 mL). The mixture was stirred at rt for 30 min and the solvent was reduced in vacuo. The residue 
was recrystilized from acetone/hexane to provide the acid (120 mg, 80%). 
so 1H NMR (CD 3 OD), 6 7.25 (m, 2H), 7.15 (m,3H), 7.05 (d,2H), 6.69 (d.2H) 4.6 (t,2H). 4,32 (q, 1H), 4.15 (m,1H), 
3.2 (dd,1H), 2.9-2.42 (m, 7H), 2.07 (m,1H), 1.92 (s,3H), 1.6 (m,4H), 1.45 (d,2H),1.32 (m, 2H), 0.95 (m,6H). 
M/z (M+K) + 678.5, (M+Naf 662.3, M+1 639.5, 622.6, 464.3, 511.2, 434.2, 377.1, 336.3, 306.1, 265, 206.8 
178.6, 136.9. 
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EXAMPLE 13 

N-(N-AcetylTyro8inyl-Valiny|.AJaninyl)-3-amIno-5-hydroxy-4-oxo-7-phGny1 heptanoic acid: 
Step A 



C0 2 t-Bu 
O ( OH 

H O 

3-Allyloxycarfoonylamino-5-hydroxy-4-oxo-7-phenylheptanoic acid t-butyl ester: The 3-Allyloxycarbony- 
lamino-4-oxo-7-phenylheptanoic acid t-butyl ester (1.1 12g) was dissolved in THF (20 mL) and was cooled to 
-78°C. 1M LHMDS was added dropwise and the resulting mixture was stirred at for 2h. 2-(Phenylsulfonyl)-3- 
phenyioxaziridine (1.176g) in THF (10 L) was added dropwise and the resulting mixture was stirred at -78°C 
for 8h. aq. NH 4 CI (20 ml) was added and the two layers were separated. The aqueous layer was further ex- 
tracted with EtOAc (3X20 mL). The combined organic extracts were dried over Na 2 S0 4 and the solvent was 
reduced in vacuo. The residue was chromatographed over silica (1:1,Ether/Hexane) to provide the title com- 
pound (650 mg, 59%). 

'H NMR (CDCI3), 5 7.25 (m,2H), 7.15 (m,3H) f 5.88 (m,1H), 5.75 (LNH), 5.25 (m,2H), 4.68 (m,1 H). 4.55 (m.2H), 
4.42 (m,1H). 3.25 (br.,OH), 2.92 (dd,1H), 2.8-2.45 (m,4H). 2.12 (m, 1H), 1.8 (m,1H), 1.38 (d,9H). 

Step B 




N-(N-AcetyiTyro8inyl-Valinyl-Alaninyl)-3-amino-5-hydroxy-4-oxo-7-phenyl heptanoic acid t-butyl ester: 

3-Allyloxycarbonylamino-5-hydroxy-4-oxo-7-phenylheptanoic acid t-butyl ester (62 mg f .64 mmol) was dis- 
solved in CH 2 CI 2 (3 mL). PdCI 2 (Ph 3 P) 2 (cat) and Bu 3 SnH (0.067 mL) was added dropwise. The mixture was 
stirred under N 2 for 10 min. DMF (8mL), AcTyr-Val-Ala (158 mg) t HOBT (33 mg) and EDC (39 mg) were added 
respectively. The resulting mixture was stirred overnight EtOAc (100 mL) was added and the mixture was 
washed with aq. NaHC0 3 (10 mL). The solvent was reduced in vacuo and the residue was chromatographed 
over silica (95:5, CH 2 CI 2 :MeOH) to afford the tetra-peptide which was dissolved in a 1 : 1 to provide the title com- 
pound (98 mg). 

'H NMR (CD3OD), 6 7.3-7.1 (m, 5H), 7.05 (d f 2H), 6.68 (d.2H) t 4.58 (m,1H), 4.35-4.2 (m f 3H), 4.15 (d,1H), 3.0 
(dd f 1H), 2.9-2.45 (m.5H), 2.05 (m ( 1H) f 1.88 (s.3H) f 1.82 (m f 2H), 1.42 (s,9H) f 1.35 (dd,3H) f 0.95 (m f 6H). 
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Step C 




PH 



■Ph 



N-(N-AcetylTyK>8inyl-Vallnyl-Alanlnyl>.3-amin(>.5.hydroxy^xo-7.phonyl heptanoic acid: N-(N-Acetyl- 
Tyrosinyl-Valinyl-AIaninyl)-3-amino-5-hydroxy-4-oxo-7-phenyl heptanoic acid t-butyl ester (40 mg) was dis- 
solved in a 1 :1 mixture of Ch^CI^FA (6 mL). The mixture was stirred at room temperature for 30 min and the 
solvent was reduced in vacuo. The residue was recrystHized from acetone/hexane to provide the acid (33 mg). 

1H NMR(CD 3 OD), 8 7.3-7.1 (m, 5H), 7.07 (d,2H), 6.9 (d.2H), 4.55 (m,1H), 4.35-4.25 (m,3H), 4.17 (d,1H), 
3.03 (dd,1H), 2.92-2.5 (m,5H), 2.03 (m, 1H), 1.88 (s,3H), 1.82 (m,2H), 1.37 (dd,3H), 0.93 (m.6H). 

m/z (M+K)* 651. (M+Na) + 635, (M+1) 614, 595, 550. 522, 445, 387, 376, 305, 291. 238, 178, 119. 

EXAMPLE 14 

N-(3-Phenylproplonyl-Valinyl-Alanlnyl) 3-amlno-4-oxo-5,5-dif luoro-8-phenyl Octanoic acid: 



t-Buty(5-phenyl-2,2.oxo) pentanoate: phenylpropyl bromide(7.64mL, 50.23mmol) was added to a suspen- 
sion of magnesium turning (1.22g,50.23mmol) in ether(20mL) maintaining gentle reflux. The resulting mixture 
was stirred for additional 1h and was added slowly over 30min. to di-t-butyloxalate(10.16g,50.23mmol) dis- 
solved in CH 2 CI 2 (200mL) at -78°C. The resulting mixture was stirred for 1h and was poured into a mixture of 
icewater(300mL) and 1N aq NH4CI(300mL) containing ether (200mL). The two layers were separated and the 
aqueous layer was further extracted with ether (3X100mL). The combined organic extracts was washed with 
water (2X100mL), brine(IOOmL) and dried over Na 2 S0 4 . The solvent was evaporated to provide the title com- 
pound(15.7g). 



t-Butyl(5-phenyM,2-dlf luoro) pentanoate.: t-Butyl-5-pheny1-2-oxo-pentanoate(9g) was dissolved in CH 2 CI 2 
(140mL) and dimethylaminofulfur triflouride (8.45mL) was added dropwise at 0°C. The resulting mixture was 



STEP A 




STEP B 
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stirred at rt for 18h. the reaction mixture was cooled to 0°C and quinched with 1N aq NH4CI. The mixture was 
extracted with ether (3X1 50mL). The combined organic extracts was dried over Na^O*. the solvent was evapo- 
rated and the residue was chromatographed oversflica (95:5, Hexane:EtOAc) to provide the dif luoro compound 
(6.5g). 

'HNMR (CDCL3), 87.27(2H.m) 7.15(3H,m). 2.65(3H, t), 2.0(2H,m), 1.78 (m . 3 H) , 1 . 5 (s . 9 H ) . 
STEPC 




5.Phenyl-2,2-dlfluorO-pentanoic acid: t-Butyl-5-phenyl-2,2-difluoro-pentanoate (0.9g) was dissolved in a 
1:1 mixture of CH 2 CI/rFA (8mL). the mixture was stirred for 1h. the solvent was evaporated to give the acid 

'HNMR(CDCI3), d 7.29(2H,m) 7.2(3H,m) 2.68(2H,t). 2.1 (2H.m), 1.85(2H,m). 
i«FNMR(CDCL3). d -172.1(2F,t,JF-H=16.7Hz). 

STEP D 




5-Phenyl-2,2-dif luoro-pentanolcacid chloride: To the 5-phenyl-2,2-difluoro-pentanoic acid (1.5g,7mmol) in 
CH 2 a 2 (3mL) was added 2M oxalyl chloride(4.2mL, 8.4mmol) in CH 2 a 2 and DMF(cat). The resulting mixture 
was stirred at rtfor 1h. the solvent was evaporated and the residue was distilled (70-75°C. O.lmmHg) to provide 
the acid chloride (1.25g). 

1 HNMR(CDCI3), 8 7.29(2H,m). 7.2(3H.m), 2.68(2H.t), 2.1(2H.m), 1.85(2H,m). 
19 FNMR(CDCI3),S-102.2(2F,t,JF-H=16.7Hz). 

STEPE 




N-(4-BI-phonylcarbonyl) b-t-butyl- Aspartic acid: to aspartic acid (6.)g) in dry THF (100mL) was added 4- 
bi-phenylcarbonyl cholride (3.44g). the resulting mixture was stirred for 17h. water (3001 LO) was added and 
the mixture was extracted with EtOAc(3X100mL). The combined organic extracts was dried over Na2S04 and 
the solvent was evaporated to provide the title compound (3.8g). 

1 HNMR(CDCI 3 ), 8 7.88(2H.d) 7.65(2H.d), 7.6(2H.d), 7.45(2H.d). 7.38(1 H.m). 5.05(1 H.m), 3.1(2H.dd). 
2.85(1H,dd).1.35(9H.s). * 
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15 2-BI-phenyl5(4H)-oxazol ones : To the aminoacid (5.92g) in CH2CI2(1 00ml) at 0°C was added EDC(2.5g). The 
resulting mixture was stirred for 30 min, Ether (300ml) was added and the mixture was washed with water 
(50mL). The mixture was dried with Na2S04 and the solvent was evaporated. The residue was chromatography 
ed over silica (1:1 f ethenhexane) to afford the oxazolone compound (4.6g). 

iHNMR(CDd 3 ) 8 8.05(2H,d), 7.7(2H,d), 7.62(2H,d), 7.45(2H,d), 7.39(1H,m), 4.54(1 H,t), 3.03(2H,ABq) 

20 1.35(9H,s). 

STEP G 



25 



30 




35 



3-(4-Bi-phenylcarbonylaminoH-oxo-5 l 5-difluoro-&-phenyoctanolc acid t-butyleater: To 5(4H)-oxazo- 
lones in dry THF(3mL) at 0°C under nitrogen atmosphere was added EtaN(0.167mL) and freshly prepared sol- 
ution of 5-phenyl-2,2-difluoro- pentanoic acid chloride (280mg) in dry hexane(lmL). The reaction mixture was 
stirred for 1 h at room temperature. The mixture was filtered under N 2 atmosphere and the f ilterate evaporated 
thoroughly (0.005 torr,17h). The crude O-acylated oxazoles was then diluted with dry THF(0.2mL) and 4-di- 
methylaminopyridine(12.25mg) is added. The mixture was stirred for 2h and the solvent was removed. The re- 
sidue was treated with oxalic acid(180mg) and the resulting mixture was stirred for 18h. EtOAc(150mL) was 
40 added and the mixture was washed with aq. NaHC0 3 (2X20mL), water (2X20mL), Brine (20mL) and dried over 
Na 2 S04. The solvent was removed and the residue was chromatographed over silica (99:1 CH 2 CI 2 :EtOH) to 
provide the tilte compound (170mg) 

1 HNMR(CDCI 3 ) d 7.85(2H,d), 7.67(2H,d), 7.6(2H,d), 7.45(2H,t), 7.35(2H,m), 7.26(2H,d), 7.17(2H,t), 
5.35(1 H,m), 3.05(1 H,dd) p 2.95(1 H.dd), 2.68(2H,d), 2.13(2H,m), 1.85(1H,m), 1.42(9H,s). 
"FNMR(CDd 3 ). d -103.6 and -104.45(1F f t, J F .„=17.4Hz, J^r=278.1Hz) t -107.03 and -107.83(1F,t J^„= 
18.4Hz, J^ F =278.4Hz). 1 Rr 
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3-(4-BI-phenylcarbonylamino)^hydroxy-5>dmuoro-8-ph©nyloctanoic acid t-butylester: To 3-(4-B»- 
phenytcarbony!aminoH-oxo-5,5-difluoro-8-pheny« octanoic acid t-butyiester<330mg) in MeOH(2mL) at 0°C 
was added NaBH4(20mg). The mixture was warmed to rt and stirred for 5 min. 1N NH4CI(3mL) was added 
and the mixture was extracted with EtOAc(3X10mL). The combined extracts was dried over Na2S04 and the 
solvent was evaporated. The residue was chromatographed over silica (1:1,EtOAc:hexane) to provide the title 
compound(270mg) 

STEP I 




N-(3-Phenylproplony|.Valinyl-Alaninyl) 3-amino -4-hydroxy-5,5-dlfluor©.8-phenyl t-butytoctanoate: To 

3-(4-Bi-phenylcarbonylaminoH.hydroxy-5 I 5-difluoro-8-ph enyloctanoic acid t-butylester(252mg.0.6mmol) in 
MeOH(SmL) was added 3% Na-Hg(4mmol, 8eq) and NaHh 2 P0 4 (6mmol, 12eq). The mixture was stirred at rt 
for 1h and filtered into 1N aq HCI(8eq). MeOH was removed and the soild was filtered and washed with water. 
The residue was lyophilized to give a white solid. (100mg t 0.29mmol) which was dissolved in DMF(3mL) foC 
lowed by addition of HOBT(43.3mg), EDC(61mg) and N-phenylpropionyl Val Ala (11 Omg). The resulting mixture 
was stirred for 17h and EtOAc(100ml) was added. The mixture was washed with aq NaHC0 3 , water and dried 
over Na2S0 4 . The solvent was evaporated and the residue was chromatographed over silica (95:5, CH 2 CI 2 : 
MeOH) to provide the title compound (1 50mg) 

STEP J 




N-(3-Phenytpropionyl-Valiny|.AIaninyl) 3-amlno -4-oxo-5,5-dif luoro-8-phenyl t-butyloctanoate: To N-(3- 
Phenylpropionyl-Valinyl-Alaninyl) 3-amino -4-hydroxy-5,5-difluoro-7-phenyl t-butylheptanoate (150mg) in 
CHjQ^l, was added Dess-Martin reagent (750mg). The mixture was stirred for 5h and filtered The solvent 
was evaporated and the residue was chromatographed over silica (95:5, CH 2 CI 2 :MeOH) to provide the title com- 
pound(130mg) 

STEP K 
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N-(3-Pheny1proplonyl-Valiny1-Alaninyfl) 3-amlno -4-oxo-5,5-dff iuoro-8-phenyl Octanoic acid N-(3-Phe- 
nylpropionyl-Valinyf-Alaninyl) 3-amino -4-oxo-5,5-drfluoro-7-pheny1 t-butylheptanoate(130mg) was dissolved 
in a 1 :1 mixture of CH 2 Cl2fiTAA(6mI) and stirred for 1 h. The solvent was evaporated to provide the title com- 
pound(110mg). 



Claims 

1. A compound of formula I 



(a) substituted C,_ 12 alkyi, wherein the substituent is selected from 

(1) hydrogen, 

(2) hydroxy, 

(3) halo, and 

(4) aJkylcarbonyl; 

(b) aryl alkyi wherein the aryl group is selected from the group consisting of 

(1) phenyl, 

(2) naphthyl, 

(3) pyridy1, 

(4) furyl, 

(5) thienyt, 

(6) thiazolyl, 

(7) isothiazolyt, 

(8) imidazole 

(9) benzimidazolyl, 

(10) pyrazinyl, 

(11) pyrimidyi, 

(12) quinolyt, 

(13) isoquinolyl, 

(14) benzofuryl, 

(15) benzothienyl, 

(16) pyrazolyl, 

(17) indolyl, 

(18) purinyl, 

(19) isoxazolyl, and 

(20) oxazolyi, 

and mono and di-substituted aryl as defined above in items (1) to (20) wherein the substituents are inde- 
pendently C,^alkyl v halo, hydroxy, C^alkyl amino, C^alkoxy, C,-ealky1thio, or C^alkytcarbonyl; 
R 2 is 




AA 1 - AA 2 - AA 3 -N- Y 



or a pharmaceutically acceptable salt thereof thereof wherein Y is: 




O 



R,is 



(a) H. 
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(b) deuterium, 
(c) 

0 

-£-0-113 , 

wherein R3 is 

(1) substituted alkyl, wherein the substituent is selected from 

(a) hydrogen, 

(b) hydroxy, 

(c) halo, and 

(d) C,_e alkyl carbonyl, 

(2) aryl alkyl or substituted aryl d_e alkyl as defined above, 

wherein the aryl may be mono and di-substituted the substituents being each independently C^alkyl, 

halo, hydroxy, C^alkyl amino, C^alkoxy, C^lkyfthk), or C^alkylcarbonyl; 

(d) 

0 

-C-R3 • 



(e) 

*4 
-C-R 6 , 

ks 

wherein R4 and Re are each individually selected from hydrogen, fluorine and hydroxy; 
Re is selected from the group consisting of 

(1) hydrogen, 

(2) fluorine, 

(3) substituted C 1H » alkyl wherein the substituent is selected from 

(a) hydrogen, 

(b) hydroxy, 

(c) halo, and 

(d) C,_« alkylcarbonyl, 

(4) aryl alkyl, 

wherein the alkyl is substituted with hydrogen, oxo, C,^ alkyl, halo or hydroxy, 
wherein aryl is defined as above, and wherein the aryl is optionally mono or di-substituted, the sub- 
stituents being each independently C^alkyl, halo, hydroxy, C^lkyl amino, C^alkoxy, C^alkyfthio, 
or C^alkylcarbonyi; 

(5) alkyl amino carbonyl alkyl or alkyl carbonyl amino alkyl, 

(6) aryl amino carbonyl c^ alkyl or aryl carbonyl amino C t _e alkyl, 

wherein aryl is defined as above, and wherein the aryl is optionally mono or di-substituted, the sub- 
stituents being each independently C^aikyl, halo, hydroxy, C^lkyl amino. C^alkoxy, C^alkylthio, 
or C^alkylcarbonyl; 

(7) aryl alkyl amino carbonyl alkyl or aryl alkyl carbonyl amino alkyl, 

wherein aryl is defined as above, and wherein the aryl is optionally mono or di-substituted, the sub- 
stituents being each independently C^alkyl, halo, hydroxy, C^lkyl amino, C^alkoxy, C^alkylthio, 
or C^alkylcarbonyf ; 

AAi is selected from the group consisting of 
(a) a single bond, and 
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(b) an amino acid of formula AJ 



H O 




wherein R 7 selected from the group consisting of 

(a) hydrogen, 

(b) substituted alkyl, wherein the substituent is selected from 

(1) hydrogen, 

(2) hydroxy, 

(3) halo, 

(4) -S-C^alkyl, 

(5) -SH 

(6) alkylcarbonyl, 

(7) carboxy, 
(8) 



(9) amino carbonyi amino, 

(10) alkylamino, wherein the alkyl moiety is substituted with hydrogen or hydroxy, and the amino 
is. substituted with hydrogen or CBZ, 

(11) guanidino, and 
(c)aryl alkyl, 

wherein aryl is defined as above, and wherein the aryi is optionally mono or di-substituted, the substituents 
being each independently C^alkyl, halo, hydroxy, C^alkyl amino, C^alkoxy, C^alkylthio, or C^alkyl- 
carbonyl; 

AA2 is selected from the group consisting of 

(a) a single bond, and 

(b) an amino acid of formula All 



0 





Re 



AA3 is selected from the group consisting of 

(a) a single bond, and 

(b) an amino acid of formula AJII 



43 



EP0519748A2 




wherein Re and Rq are each independently selected from the group consisting of 

(a) hydrogen, 

(b) substituted alky], wherein the substituent is selected from 

(1) hydrogen, 

(2) hydroxy, 

(3) halo, 

(4) -S-C^alkyl, 

(5) -SH 

(6) alkylcarbonyl, 

(7) carboxy, 
(8) 



0 

U 

-CNH2, 

(9) amino carbonyl amino, 

(1 0) alkylamino, wherein the alkyl moeity is substituted with hydrogen or hydroxy, and the amino 
is substituted with hydrogen or CBZ, 

(11) guanidino, and 
(c)aryl alkyl, 

wherein aryl is defined as above, and wherein the aryl is optionally mono and di-substituted, the substitu- 
ents being each independently C^alkyl. halo, hydroxy, C^alkyl amino, d^alkoxy, C^alkylthio, or C^al- 
kyl carbonyl. 

A compound of Claim 1 wherein: 
R, is 

(a) substituted d_e alkyl, wherein the substituent is selected from 

(1) hydrogen, 

(2) hydroxy, and 

(3) chloro or fluoro, 

(b) aryl alkyl wherein the aryl group is selected from the group consisting of 

(1) phenyl, 

(2) naphthyl, 

(3) pyridyl, 

(4) furyl, 

(5) thienyl, 

(6) thiazdyl, 

(7) isothiazolyl, 

(8) benzofuryl, 

(9) benzothienyt, 

(10) indolyf, 

(11) isooxazolyl, and 

(12) oxazolyl, and mono and di-substituted Ce_ioaryl as defined above in items (1) to (12) wherein 
the substitutents are independently C^alkyl, halo, and hydroxy; 

R 2 is 

(a) 
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-C-O-R3 




wherein Rs is 

(1) substituted alkyl, wherein the substituent is selected from 

(a) hydrogen, 

(b) hydroxy, 

(c) halo, and 

(d) d_e alkyl carbonyi, 

(2) aryl alkyl or substituted aryf C,_« alkyl as defined as defined above; 

wherein the aryl may be mono and di-substituted the substituents being each independently C^alkyl, 
halo, hydroxy, C^alkyl amino, C^alkoxy, C^lkylthio, or C^alkylcartoonyl; 



wherein R4 and Re are each individually selected from hydrogen, fluorine and hydroxy; 
Re is selected from the group consisting of 

(1) hydrogen, 

(2) fluorine, 

(3) substituted alkyl wherein the substituent is selected from 

(a) hydrogen, 

(b) hydroxy, 

(c) halo, and 

(d) C 5 _« alkylcarbonyl, 

(4) aryl alkyl, 

wherein the alkyl is substituted with hydrogen, oxo, alkyl, halo or hydroxy, 
AA 1 is selected from the group consisting of 

(a) a single bond, and 

(b) an amino acid of formula Ai 



wherein R 7 is selected from the group consisting of 

(a) hydrogen, 

(b) substituted alkyl, wherein the substituent is selected from 

(1) hydrogen, 

(2) hydroxy, 

(3) halo, 




(c) 
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(4) -S-C^ alkyl 

(5) -SH 

(6) alkylcarbonyl, 

(7) carboxy, 
(8) 

8 

-CNH2, 

(9) alkylamino, and C 1-4 alkylamino wherein the alkyl moeity is substituted whith an hydroxy, 
and 

(10) guanidino, and 

(c) aryl alkyl, wherein the aryi group is elected from the group consisting of 

(1) phenyl, 

(2) naphthyl, 

(3) pyridyl, 

(4) furyl, 

(5) thienyl, 

(6) thiazolyi, 

(7) isothiazolyl, 

(8) benzofuryi, 

(9) benzothienyl, 

(10) inddyl, 

(11) isooxazolyf, and 

(12) oxazolyl, 

and wherein the aryl is optionally mono or di-substituted, the substituents being each independently C^al- 
kyl, halo, hydroxy, C^alkyl amino, C^alkoxy, C^alkytthio, or C^alkylcarbonyJ; 
AA2 is selected from the group consisting of 

(a) a single bond, and 

(b) an amino acid of formula All 



H 
J* 



O 

•a 



Re 



wherein Re is selected from the group consisting of 

(a) hydrogen, 

(b) substituted alkyl, wherein the substituent is selected from 

(1) hydrogen, 

(2) hydroxy, 

(3) halo. 

(4) -S-C^ alkyl 

(5) -SH 

(6) C^e alkylcarbonyl, 

(7) carboxy, 
(8) 



0 
II 

-CNH2, 

(9) alkylamino, and alkylamino wherein the alkyl moeity is substituted whith an hydroxy, 
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and 

(10) guanidino, and 
(c)aryf C,^ alkyi, 

wherein aryl is defined as above in this Claim, and wherein the aryl is optionally mono or di-substituted, 
the substituents being each independently d^alkyl, halo, hydroxy, C^alkyl amino, d^alkoxy, C^l- 
kylthio, or C^kylcarbonyl. 

3. A compound of Claim 1 wherein: 



(a) substituted Cm alkyl, wherein the substituent is selected from 

(1) hydrogen, 

(2) hydroxy, and 

(3) chloro orfluoro, 

(b) aryl C« alkyi wherein the aryl group is selected from the group consisting of 

(1) phenyl, 

(2) naphthyl, 

(3) pyridyl, 

(4) furyl, 

(5) thienyt, 

(6) thiazolyl, 

(7) isothiazolyl, 

(8) benzofuryi, 

(9) benzothienyl, 

(10) indolyl, 

(11) isooxazolyf, and 

(12) oxazdyl 

and mono and di-substituted Ce_ 10 aryi as defined above in items (1) to (12) wherein the substitutents are 
independently C^alkyl, halo, or hydroxy; 
R 2 is H or deuterium, 

AA t is selected from the group consisting of 

(a) a single bond, and 

(b) an amino acid of formula Al 



wherein R 7 is selected from the group consisting of 

(a) hydrogen, 

(b) substituted C^ alkyi, wherein the substituent is selected from 

(1) hydrogen, 

(2) hydroxy, 

(3) halo, 
W-S-C^alkyl 

(5) -SH 

(6) C^ alkylcarbonyl, 

(7) carboxy, 
(8) 



is 
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(9) C,^ alkylamino, and alkylamino wherein the alkyl moeity is substituted whith an hydroxy, 
and 

(10) guanidino, and 

(c) aryl C^ alkyl, wherein thearyl group is defined as above in this Claim, wherein the aryl is optionally 
mono or di-substituted, the substituents being each independently C^lkyl, halo, hydroxy, C^lkyi 
amino, C^lkoxy, C^lkylthio, or C^alkylcarbonyl; 
AA2 is selected from the group consisting of 

(a) a single bond, and 

(b) an amino acid of formula All 




wherein Re is selected from the group consisting of 

(a) hydrogen, 

(b) substituted 0^ alkyl, wherein the substituent is selected from 

(1) hydrogen, 

(2) hydroxy, 

(3) halo, 

(4) -S-C^ alkyl 

(5) -SH 

(6) alkylcarbonyl, 

(7) carboxy, 
(8) 



0 

(9) C^ alkylamino, and alkylamino wherein the alkyl moeity is substituted whith an hydroxy, 
and 

(10) guanidino, and 
(c)aryf alkyl, 

wherein aryl is defined as above in this Claim, wherein the aryl is optionally mono or di-substituted, the 
substituents being each independently C^alkyl, halo, hydroxy, C^alkyl amino, C^lkoxy, C^alkyt'thio, 
or C^alkylcarbonyl. 

A compound according to Claim 2 or 3 wherein 
AA3 is selected from the group consisting of 

(a) a single bond, and 

(b) an amino acid of formula Alll 




Re is selected from the group consisting of 

(a) hydrogen, 

(b) substituted C^ alkyl, wherein the substituent is selected from 
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(1) hydrogen, 

(2) hydroxy, 

(3) halo, 

(4) -S-C^ alkyl 

(5) -SH 

(6) alkylcarbonyl, 

(7) carboxy, 
(8) 



(9) alkylamino, and alkylamino wherein the alkyl moeity is substituted whith an hydroxy. 



(10) guanidino, and 
(c) aryl alkyl, wherein aryl is selected from the group consisting of 

(1) phenyl, 

(2) naphthyf, 

(3) pyridyi, 

(4) furyl, 

(5) thienyl, 

(6) thiazolyl, 

(7) isothiazolyf, 

(8) benzofuryl, • 

(9) benzothienyl, 

(10) indolyl, 

(11) isooxazolyl, and 

(12) oxazolyl, 

wherein the aryl is optionally mono or di-substituted, the substituents being each independently C^alkyl, 
halo, hydroxy, C 1-e alkyl amino, C^alkoxy, C^alkylthio, or C^alkylcarbonyl. 

A compound according to Claim 4 wherein AA 2 is an amino acid of the formula All 



wherein Re is selected from the group consisting of 

(a) hydrogen, 

(b) substituted alkyl, wherein the substituent is selected from 

(1) hydrogen, 

(2) hydroxy, 

(3) halo, 

(4) -S-C,^ alkyl 

(5) -SH 

(6) alkylcarbonyl, 

(7) carboxy, 
(8) 



0 

-CNH2, 



or 




Re 



:nh2. 
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(9) alkylamino, and C 1-4 alkylamino wherein the alkyl moeity is substituted with hydroxy, and 

(10) guanidino, and 
(c)aryl C^ alkyl, 

wherein aryl is selected from the group consisting of 

(1) phenyl, 

(2) naphthyt, 

(3) pyridyl, 

(4) furyl. 

(5) thienyt, 

(6) thiazolyl, 

(7) isothiazolyi, 

(8) benzofuryl, 

(9) benzothienyl, 

(10) indolyf, 

(11) isooxazolyl, and 

(12) oxazolyl, 

wherein the aryi is optionally mono or di-substituted, the substituents being each independently C^alkyl, 
halo, hydroxy, d^alkyl amino, C^alkoxy, C^alkylthio, or C^alkylcarbonyl; and 
AAa is an amino acid of formula AJII 



wherein R© is selected from the group consisting of 

(a) hydrogen, 

(b) substituted alkyl, wherein the substituent is selected from 

(1) hydrogen, 

(2) hydroxy, 

(3) halo, 

(4) -S-C^ alkyl 

(5) -SH 

(6) alkylcarbonyl, 

(7) carboxy, 
(8) 



(9) alkylamino, and alkylamino wherein the alkyl moeity is substituted with an hydroxy, and 

(10) guanidino, and 
(c) aryl alkyl, 

wherein aryl is defined as above in this Claim, and wherein the aryl is optionally mono or di-substituted, 
the substituents being each independently C,^alkyl, halo, hydroxy, C^lkyl amino, C^lkoxy, 
kyithk), or C^alkylcarbonyi. 

Acompound according to Claim 5 wherein R, is C^alkyl or aryl C^ alkyl wherein aryl is phenyl, naphthyl, 
thienyl, or benzothienyl; 

wherein R 7 is C^ alkyl or aryl C^ alkyl wherein aryl is defined as 

(1) phenyl, 

(2) naphthyl, 
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(3) pyridyf, 

(4) furyl. 

(5) thienyl, 

(6) thiazdyl, 

(7) isothiazolyl, 

(8) benzofuryl, 

(9) benzothienyl, 

(10) indolyl, 

(11) isooxazolyl, and 

(12) oxazolyl, 

and wherein the aryl of items (1) to (12) is optionally mono or di-substituted, the substituents being each 
independently C^aikyl, halo, hydroxy. Chalky! amino, C^alkoxy, C^alkylthio, or C,^alkylcarbonyl; 
Ra and Re are each individually 

(a) hydrogen, 

(b) Chalky!, 

(c) mercapto C^alkyi, 

(d) hydroxy C^alkyl, 

(e) carboxy C^alkyl, 

(g) aminocarbonyl C^lkyl, 

(h) mono - or di-C lJ6 alkyl amino C^lkyt, 

(i) guanidino C^alkyl, 

0) amino-C^alkyl or N-substituted amino-C^alkyl wherein the substituent is carbobenzoxy, or 

(k) aryl C^alkyl, wherein the aryl group is selected from phenyl and indolyl, and the aryl group is mono 

substituted with hydrogen, hydroxy, or C M alkyl. 

A compound according to Claim 5 wherein R 1 is C^lkyl or aryl alkyl wherein aryl is phenyl, naphthyl, 

thienyl, or benzothienyl; 

R 2 is 

*4 
-C-R 6 , 

wherein R4 and R« are each individually selected from hydrogen, hydorxy or fluorine; 
R«is 

aryl C t _« alkyl, 

wherein the alkyl is substituted with hydrogen, oxo, alkyl, halo or hydroxy wherein aryl is selected 
from the group consisting of 

(1) phenyl, 

(2) naphthyl, 

(3) pyridyl, 

(4) furyl, 

(5) thienyl, 

(6) thiazdyl, 

(7) isothiazolyl, 

(8) benzofuryl, 

(9) benzothienyl, 

(10) indolyl, 

(11) isooxazolyl, and 

(12) oxazolyl, 

wherein the aryl is optionally mono or di-substituted, the substituents being each independently C^alkyl, 
halo, hydroxy, C^lkyl amino, C^alkoxy, C^alkyithio, or C^alkylcarbonyl; 

R7 is alkyl or aryl C« alkyl wherein aryl is defined as above in this Claim, and wherein the 
aryl is optionally mono or di-substituted, the substituents being each independently Chalky!, halo, hy- 
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droxy, C^alkyl amino, C^lkoxy, C^alkylthio, or C^alkylcarbonyl. 

8. A compound According to Claim 6 or 7 wherein: 

is methyl or phenyl C,^ alkyl or hydroxy-phenyl C 1-6 alkyt; 
AA1 is a single bond or an amino acid of formula Al 



H O 




wherein R 7 is 

(a) C^alkyl; 

(b) substituted phenyl C^alkyl, wherein the .substituent is hydrogen, hydroxy, carboxy or C, .alkvl- or 

(c) indolyl methyl; 
Re is C^alkyl; and 
Re Is 

(a) hydrogen, 

(b) C^alkyl, 

(c) amino Chalky!, 

(d) N-carbobenzoxy-amino-(n-butyi), 

(e) carbamylmethyl, 

(0 indol-2-yl-methyl, or 

(g) substituted phenyl C^alkyl, wherein the substituent is hydrogen, hydroxy, carboxy, or C^alkyl. 

9. A compound according to Claim 8 wherein R« is 

phenyl C,^ alkyl, 

wherein the alkyl is substituted with hydrogen, oxo, Cm alkyl, halo or hydroxy, 

and wherein the phenyl may be mono and di-substituted, the substituents being each independently d^al- 
kyl, halo, hydroxy, C^alkyl amino, C^alkoxy, C^alkylthio, or C^alkylcarbonyl; 
R© is 

(a) hydrogen, 

(b) C^alkyl, 

(c) amino C^alkyl, 

(d) N-carbobenzoxy-amino-(n-butyl), 

(e) carbamylmethyl, 

(f) indol-2-yl-methyi, or 

(g) substituted phenyl C^alkyl, wherein the substituent is hydrogen or hydroxy. 

10. A compound according to Claim 8 wherein R 1 is methyl or phenyl C^ alkyl or hydroxy-phenyl C^ alkyl; 
AA 1 is a single bond or tyrosinyl, homotyrosinyl, phenylalanine, homophenylalaninyl or tryptophanyl; AA^ 



wherein Ra is C^ alkyl; and 

AA3 is alaninyl, lysinyl or e-CBZ-lysinyl. 



H O 
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11. A compound according to Claim 9 wherein R, is methyl or phenyl ethyl or hydroxy-phenyl ethyl. 
AAt is tyrosinyl, homotyrosinyl, phenylalanine, homophenylalaninyl or tryptophanyl; 

AA2 is 



wherein Re is alkyi; and AA3 is alaninyl, lysinyl or c-CBZ-lysinyl. 

12. A compound selected from the group consisting of: 

(a) N-(N-Acetyl-tyrosinyl-valinyl-lysinyi)-3-amino-4-oxobutanoic acid; 

(b) N-(N-Acetyi-tyrosinyl-valinyl-€-CB2-lysinyl)-^amino-4-oxobutanoic acid; and 

(c) N-(N-Acetyl-tyrosinyl-valinyl-alaninyl)-3-amino-4-oxobutanoic acid; 

(d) N-(N-Acetyl-phenylalaninyl-valinyl-lysinyl)-3- amino-4-oxobutanoic acid; 

(e) N-(N-Acetyl-phenylalaninyl-valinyl-8-CBZ-lysinyl)-3-amino-4-oxobutanoic acid; and 
(0N-(N-Acetykphenylalaninyl-valinyl-alaninyl)-3- amino-4-oxobutanoic acid; 

(g) N-(3-phenylpropionyl-valinyl-lysinyl)-3-amino-4-oxobutanoic acid; 

(h) l^(3-phenylpropionyl-valinyl-fi-CBZ-lysinyl)-3-amino-4-oxobutanoicacid; 

(i) N-(3-phenylpropionyl-valinyl-alaninyl)-3-amino-4-oxobutanoicacid; 
0)N-(3-(4-hydroxyphenyl)-propionyl-vaIinyl-lysinyl)-3-amino-4-oxobutanoicacid; 
(k)hH3-(4-hydroxyphenyt)-propionyl-valinyl-£-CBZJ^^ acid; and 
(l)N-(3-(4-hydroxyphenyl)-valinyl-alaninyl)-a-amino-4-oxobutanoic acid; 

(m) N-(N-(3-methylbutanoyl)-alaninyl>-3-amino-4*oxobutanoic acid; 

(n) N-(3-pheny1propionyl)-3-amino-4-oxo-butanoic add; 

(o) N-(N-(3-phenylpropionyl)-alaninyl-alaninyl>-3-amino-4-oxo-butanoic acid; 

(p) N-(N-(3-phenylpropionyl)-glycinyl-alaninyl>-3-amino-4-oxo-butanoic acid; 

(q) N-(N-acetyl-tyrosinyl-valinyHN f ^ acid; 

(r) N-(N-phenylpropionyl)valinyl-glycinyl)-3-amino-4-oxo-butanoic acid; 

(s) N(N-acetyl-alaninyl)-3-amino-4-oxo-butanoic acid; 

(t) N-(N-acetyl-valinyl-alaninyl)-3-amino-4-oxo-butanoic acid; 

(u) N-propionyl-3-amino-4-oxo-butanoic add; 

(v) N-(N-acetyl-3-amino-4-oxo-butanoic acid; 

(w) N-(N-Acetyl tyrosinyl-valinyl-histidinyl-3-amino-4-oxo butanoic acid; 

(x) N-(3-Phenylpropionyl-Valinyl-Alaninyl)3-amino-4- oxo-5-phenylpentanoic add; 

(y) N-(3-Phenylpropionyl-Valinyl-AIaninyl)3-amino-4- oxo-6-phenylhexanoic acid; 

(z) ^4-(3-Phenylp^opionyl-Va!inyl-Alaninyl)3-amino-4- oxo-7-phenylheptanoic add; 

(aa) N-(N-AcetylTyrosinyl-Valinyl-AJaninyl)-3-amino-4- oxo-7-phenyl heptanoic acid; 

(bb) N-(N-AcetylTyrosinyl-Valinyl-AJaninyl)-3-amino-4- oxo-8-phenyl octanoic add; 

(cc) N-(N-AcetylTyrosinyl-Valinyl-Alaninyl)-3-amino-4- oxo-9-phenyl nonanoic acid; or 

(dd) N-(N-AcetylTyrosinyl-Valinyl-Alaninyl)-3-amino-5-hydroxy-4-oxo-7-phenyl heptanoic acid. 

13. A compound according to Claim 5 wherein R, is phenyimethyl, phenylethyl, phenylpropyl, phenylbutyl, 
phenylpentyl, or phenylhexyl wherein the methyl, ethyl, propyl, butyl, pentyl, or hexyl, is substituted and 
wherein the substituted is hydrogen, C^ alkyl, d_3 alkoxy, C M alkylcarbonyl, C« alkylthio, C^ alky- 
lamino, halo or hydroxy; 

AAi is a single bond; 
AA2 is a single bond; 

wherein R« is C^alkyl; and AA3 is alaninyl, lysinyl or E-CBZ-lysinyl. 

14. A compound according to Claim 9 wherein R, is phenyl C^ alkyl, 

wherein the C^ alkyl is subsitiuted and wherein the substituted is hydrogen, C^j alkyl, C M alkoxy, 
C^ alkylcarbonyl, C^ alkylthio, C^ alkylamino, halo or hydroxy; 

AA, is a single bond or tyrosinyl, homotyrosinyl, phenylalanine, homophenylalaninyl or tryptophanyl; or 
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R 7 ia 
(aJC^alkyl; 

(b) substituted phenyl d^alkyl, wherein the substituent is hydrogen or hydroxy; or 

(c) indolyl methyl; 
Rets 

(a) phenyl methyl, 

(b) phenyl ethyl, 

(c) phenyl propyl, 

(d) phenyl butyl, or 

(e) phenyl pentyi; and AA 2 is 




wherein Re is alkyl; or AA2 is is valinyl, leucinyl or isoleucinyl; and AAs is alaninyl, lysinyl or s-CBZ- 
lysinyl. 

15. A compound according to Claim 14 wherein R, is phenyimethyl, phenylethyl, phenylpropyl, phenylbutyl, 
phenylpentyl, or phenylhexyl wherein the methyl, ethyl, propyl, butyl, pentyi, or hexyl, is substituted as de- 
fined above. 

16. A pharmaceutical composition for treating interleukin-1 mediated disorders or diseases comprising an in- 
ter ieukin-1p inhibitor according to Claim 1 as the active constituent 
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